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A FINITE ELEMENT SOLUTION TECHNIQUE
FORA DIAGNOSTIC SHELF CIRCULATION MODEL

Glen Watabayashi  and J. A. Galt

Pacific Marine Environmental Laboratory, ERL/NOAA
Seattle, Washington 98105

ABSTRACT. A linear diagnostic shelf circulation model
developed by Galt (1975) is implemented using the Finite
Element Method. The model solves a second-order non-
homogeneous elliptic vorticity equation for the surface
elevation within the region of interest. Solutions
are obtained using finite element techniques, with elemental
areas determined by available STD station spacing. After
obtaining the surface elevations, velocities are cal-
culated.

The model was initially tested on several simple con-
trived cases to help demonstrate the physics and the
numerical techniques involved. Results from these tests
indicate that, physically, the model generates a barotropic
flow within the region of interest such that water and
vorticity are conserved through the bottom Ekman layer.
Numerically, the model approximates the analytical
solution by piecewise linear functions. Therefore,
if the anlaytical solution is not linear numerical errors
occur which depend upon the mesh size.

The computer model has been written up in Standard
Fortran and requires a set of STD station data and wind-
stress data. The model is configured so that it can
be economically run on intermediate size computers (100-
150K core).

1. INTRODUCTION

The purpose of this study is to develop an economic and easily used flow

model for continental shelf areas to help study the distribution of offshore

pollutants. This report documents the program and demonstrates its use for

simple test cases. A geostrophic model appropriately formulated for time

scales of

have been

fied. At

a few days is attempted. Most geostrophic flow models in the past

developed for flow in deep water where a level of no motion is speci-

this reference level the net horizontal pressure gradient is assumed
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to be zero (Sverdrup et al., 1942; Formin, 1964). From this hypothesized

level, the relative isopycnal slopes can be calculated fromSTD obser-

vations. Over shelf areas, however, a level of no motion is improbable,

and a different kind of model is needed.

The model developed here for shelf areas is a linear steady-state model

requiring a set of STD and wind-stress data. The model incorporates

baroclinic contributions, a variable depth, a wind-driven surface Ekman

layer, and a geostrophically  driven bottom Ekman layer into a vertically

i n t e g r a t e d  v o r t i c i t y  e q u a t i o n . C o n t i n u i t y  i s  i n v o k e d ;  the coriolis

parameter is taken to be a constant, and the final result is a nonhomo-

geneous elliptic equation for the surface elevation. (A similar formu-

lation for the homogeneous case is presented by Welander, 1957.) This

equation is solved using a finite element technique with a triangular

mesh system which can be adjusted to a region of arbitrarily located

stations. Once the surface elevations are obtained, estimates of surface

and bottom velocities are computed.

The actual computer model calls a set of subroutines which can easily be

bypassed, altered, or used elsewhere. For example, the model has a sub-

r o u t i n e  t o  c o n v e r t  geogrphic c o o r d i n a t e s  into a  n o n d i m e n s i o n a l  x ,  y  C a r -

tesian grid, and another to normalize the raw station data in terms of

arbitrary dimensions read in by the user.

This report will concentrate on the finite element techriique used, the

development of the mathematics and physics of the model has been published

byGalt (1975). A companion report will discuss the details of the

boundary conditions formulation and suggest strategies for model use.



2. THE FINITE ELEMENT TECHNIQUE

We now turn our attention to solving the elliptic model equation for

the surface elevation. This equation is solved numerically using a finite

element technique. The finite element approach copes with randomly spaced

discrete data within a region, and the finite element grid fits odd-

shaped regions well.

The finite element approach approximates the solution as a linear com-

bination of “shape functions”. These functions are inserted into the

differential equation and the residual, or ~r~or, is minimized. For

example, the equation to be solved is

N2V2E - J(E, d) - NIJ(a, d) + NlN2V2a - Vx?= O .

This can be written in the following operator form

L(E) = F ,

(1)

(2)

where

L(E) = N2V25 -J(E,d) , (3)

F= NIJ(a, d) - NlN2v2a+vx? . (4)

The solution, g, can be approximated in the following way:

NVRTX
c~= $ici , (5)

i=l
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where

NVRTX = number of points at which the equation will be solved
(No. of stations);

‘$.j = Vi(x> Y), “shape function”;

c. =
1

value of solution at specified locations,

The shape functions used here will be piecewise continuous and take

on the value of one at node “i”, and zero at neighboring nodes. The

exact nature of the shape functions and the strategy behind them is ex-

At this point, the V’S are a linearlyplained in the following section. “

independent bases set of functions used to approximate the solution.

The next step is to substitute the approximate solution into equation

(2) to give

L~? $jCi)-F=Ej (6)

where

E = error introduced due to approximation.

The error is minimized by the Galerkin technique (Zienkiewicz, 1971).

The method requires that the error be orthogonal to the space spanned

by the bases set of functions. This is expressed by the following equation:

II

E“~jdxdy = O for j = 1, 2, . . . . NVRTX, (7)

D

where

D = domain of interest.

3.08



Writing this as a system of NVRTX equations and substituting the expression

for E from (6) into the above gives

(8) .

Since the operator, L, is linear, and the Ci’s are constants, this can

be written as

NVRTX NVRTX NVRTX
I ~ ciJJ L(*i) *jdxdy = j~l ~J F~jdxdy .

j=l i=l ~

This can be written in matrix form as

AC=R,

where

A“.=lJ
H

$jL(~i)dxdy ,

D

‘j =

H
F+jdxdy .

D

Substituting the operator from (3) into (11) gives

(9)

(lo)

(11)

(12)
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The shape functions, y, will be made up of linear functions of x and y, and are

piecewise  continuous across element boundaries. Thus the second derivative

terms are not well-defined along the boundaries and the integration shown

in equation (13)

derivative terms

giving

I

cannot be completed. To avoid this problem, the second

are integrated by parts (for details, see Appendix V),

where

s = boundary of the domain,

!LX, 2 = directional cosines along the boundary.
Y

Similarly, Rj may be obtained by substituting from (4) into (12):

(14)

(15)

Once again integrating the second derivative term by parts gives
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Equations (14) and (16) now define the matriy equations which must be

sol ved.

Now consider the geometrical problem of calculating Alj and Rj. First

the domain is divided into triangular vertices. The five-station case

is an example in figure 1. At each station, the position, depth, a, A,

and wind stress components are given as

s(N), Y(N), depth (N), alpha (N), delta (N), taux (N), tauy (N),

where N refers to the global label of the station,

klithin each triangle, the bases functions and independent variables

are all assumed to be linear functions of x and y. This means that within

each triangle the independent variables are represented as

dfWthTN  =Dx*x+Dy”Y+~o  s

alphaTN = ax .X+ay+)l+o  ,

‘ a u xT N  ‘ T X  ”X+TX”Y+TXO’

t?iuy~N=?y-)(+~y”y+~y  ~.

The coefficients are determined by matching values at the vertices.

For example, to solve for Dx, Dy, and Do in triangle Tl, we solve the

following set of equations:

depth (1) = Dx ● x(I) + Dy ● Y(I) + Do *

depth (III) = Dx ● x(111) + Dy ● Y(III} + Do t

depth (V) = Ox ● x(V) +Dy “ Y(V) +Do  ●
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Each triangle contributes to the value of the shape function at each

of its vertices. For example, triangle T1 contributes to the value of

the shape function of points I, 111, and V. The contributing elements

to the shape functions are defined as follows:

$]N =$x(l) “ x+*y(’) “ J’+ *O(’) ‘

(17)

~y =*X(3) “ x + *Y(3) ‘ Y + 4.(3) ?

where

TN = triangle number,

I, J, K = vertex number.

The coefficients, $x, Wy, and $0 are determined in such a way that

*;N . 1 at I and zero at vertices J and K. AS an example, in triangle

Tl, to obtain Vx(l), $Y(l), and @o(l), the following set of equations

i s  s o l v e d :

1 = 4X(1) “ x(1) + $Y(l) “ Y(l) + *O(1) 9

o =  $x(l)  “ x(2) + Vy(l) “ Y(2) + VO(U s

O=*X(l)  “ x(3) + $Y(l) “ Y(3) +Vo(l) .

(18)

Within each triangle the shape functions and independent variables are

planar segments. Over the entire region, the shape functions and inde-

pendent variables are piecewise continuous.
:,
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The next step is to assemble the matrix and right-hand side of

equation (10) one triangle at a time. Since the independent variables

and shape function are linear, all the first derivatives are constants.

Therefore, Aij can be rewritten as

‘ij =

JJ
- NZ ($x(Ki) 3 $x(Kj) + $Y(Ki) o ~y(Kj)dxdy

DTN

(19)

where

DTN = Domain of triangle TN,

Ki,K.= refers to the global
J

i and j.

coefficient associated with points

R. becomes
J

N ~
II

j(cxy Dx - ax . Dy)dxdy + N1N2 IIDTN(($X)S ax + (~y)j ay)dxdy

+ 11
1

DTN (~j(TY)x _ (Tx)y)dxdy _ N~Nz  $j(ax ●  ky +  ~ykx)ds. ( 2 0 )

s

Notice that the line integrals contribute only to the points which

lie on the boundary of the entire domain. In the five-point examP~e>

the line integrals are zero unless both i and j do not equal V.

TO evaluate Aij and Rj, three types of integrals have to be evaluated

for each triangle:
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D(a) ~dxdy ,

(b) 1 @dxdy ,
DTN

(c)
f

vds .

s

The first is simply the area of the triangle. The second is one-third

the area of the triangle (see Appendix VI), and the third equals the

length of the triangle sides adjacent to the boundary point divided

by two. Aij and Rj can now be rewritten as:

(21)
A ‘-ij FJ2(tx(Ki) “ Vx(Kj) +~Y(Ki)  ● ~Y(Kj)) “ Area

- (~Y(Ki) - Dx - tx(Ki) - Dy) - 1/3 Area

+ ($x(Ki)
I

“ Iy+ $y(Ki) . Lx) “ +jds ,

R j 
= Nl(ay . Dx - ox “ Dy) ● l/3Area + NlN2(~x(Kj) o ax (22)

+ N1N 2( ax “ ~y + ay
I

“ Rx) ~jds .

The matrix and right-hand side are now ready to be assembled by

adding the contributions from each triangle. In our test case, we

begin with triangle T1. All the gradients are calculated along with

the area of the triangle. Then the contributions to Rj and Aij are

calculated and placed in their appropriate locations. For Tl, i

= 1, III, V, andj = I, III, V; the contributions to Aij would be

at A , A , A11 13 15’ ’31’ ’33’ ’35’ ’51’ ’53
, and A55~ while the contributions
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to Rj would be to R,, R3, and R5. The line integral terms contribute

only when i and j are boundary points. After T1 is completed, the

system is repeated for T2. For the second triangle A15 and A51 already

have values from the previous triangle, so we add on to the existing

values.

After all the triangles are covered, the boundary conditions are con-

sidered. The solution vector components ci.are the surface elevations

at the triangle vertices which are known along the boundary. To incorporate

the boundary conditions where the elevation is given, the rows associated

with the boundary points are set to zero except for the diagonal element

which is set to 1. Then the element of the right-hand side associated

with this row is set to the boundary value. Along island or coastline

boundaries a no net transport condition is added on to the assembled

matrix. Along these boundaries we require:

(23)

Where ~is a unit vector normal to the coast pointing offshore and ~

is a unit vector given by ~x ~= ~, where ~is positive up. To see

how this is incorporated into the assembled matrix consider the following

triangle with a coastal boundary (figure3)
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We see:

K=

=

F=

=

nx~ + nyz (24)

[

(Y m - YJ ‘“

‘1 [

-(xm - XL)

(Xm - XL)2 + (Ym - YJ2 1‘+ (xm. xJ2+(ym-ykP~_~

sx~ + Sy J (25)

1

(xm-xJ –7 +

1[

(Ym - YJ

X1)2 + (Ym - YL)VI 1
T

(Xm - (Xm - X1)2 + (Ym - YJ2 %

Within this triangle all variables are expressed in terms of the three

shape functions, i.e.~

t = CL*2 + cm$m + $/Jn

d = dg$g + dm~m + dn$n

a = akwk +  amtm +  antn

A = Ag~i + Am$m+ A#n

And the shape functions are defined by

UJg = (*R)x x + (Qy J’ + (*JO

$m = (Vm)x x + (Vm)y Y + (QO

*n =  (Yn)x x + 
(Vn)y y +  “~)o
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With these normal and tangential derivatives can be defined by

a%= (CL(IJ1)X + cm(vm)x + Cn(ifn)x)  nx

+ (Ct($t)y +  Cm($m)y + Cn(vn)y)  ‘y
(26)

Using these forms we can substitute into equation (23) to get a rela-

tionship between known triangle parameters and the nodal values of the

dependent variable. The error in this equation is then required to

be orthogonal to the bases set of functions integrated along the coastal

or island boundary. These constraints are added on to the matrix which

has already been assembled using the differential equation.

Details are shown in the program listing given in Appendix II.

3. THE PROGRAJ4

The FORTRAN program making up the model satisfies several specifications.

First and foremost, the program can be easily utilized by anyone who

has a set of standard STD station data and an available computer. Second,

the program has several options as to what is read, computed, and printed.

Third, parts of the program are easily changeable, bypassed, or omitted

without affecting other parts of the program. The program is basically

written as a collection of overlays and subroutines. In the main program,

the

and

the

user specifies what type of

what is to be printed. The

appropriate set of overlays

data is to be read, what is to be computed,

main program subsequently activates

and subroutines.
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Before dealing with the program in detail, it would be helpful to

briefly sununarize  the program. It begins by reading in several control

parameters which dictate what is to be computed, listed, punched, and

plotted. The program has the option to list whatever is read and

computed, and to punch whatever is computed. This allows data to be

easily echo-checked, and computed values need not be recomputed for

future runs using the same source deck. The first set of control para-

meters deals with normalizing the station data. If raw station data

is read in with corresponding geographic coordinates, the program will

transform the positions onto a scaled x-y Mercator grid and normalize

the station data according to scale parameters which are also read

in. The normalized data can be punched onto cards for later runs.

The next set of options concerns the triangular mesh used for inter-

polation and as the finite element mesh. The user has the option of

either reading in the triangular mesh or using a set of subroutines

in the program to create the triangles. Then the boundary values are

read in. If the triangles are internally generated, the triangles

external to the region are eliminated. The program proceeds to generate

and solve the finite element matrix and right-hand side vector subject

to the boundary conditions. The solution yields the surface elevation

at each station, and with this information, the transport, mean velocity,

surface slope velocity, wind-driven surface velocity, and the geostrophic

velocity at the bottom for each triangle are calculated. Finally,

there is a set of plotting option which will draw and contour the

results.



Appendix I is a flow chart of the main program and overlay structure

with explanations of the key routines. A listing of the complete program

is given in Appendix II.

3. Documentation

3.1 Section I

The program begins by reading the control parameters. These

parameters determine what the program will do and how it will function.

There are three types of control parameters. The first allows the

user to bypass an option. For example, if NOGRID is set to O, the

program will not generate a Mercator grid; instead, it will read the

grid. The second type of control parameter allows one to list whatever

is read or calculated. These parameters all begin with the letter

L. For example, if LTRI is set to 1, the program will list the triangle

vertices. The third type of control parameter begins with the letters

1P and determines if the program will punch the results on cards.

For example, if IPNORM is set to 1, the program will punch the normalized

station data. A detailed explanation of each option is given in the

program itself (see Appendix II). If any control parameter is set

to 1, the option will be executed and, if it is O, the option will

be bypassed. In addition to the list, punch, and bypass options, there

are parameters which allow the user to alter the boundary conditions

during the given run, store the decomposed matrix on a file for later

use, and smooth the alpha and delta field to a least squares fit over

the data.



3.2 Section II

This section deals with the input of station data. There are several

options available. The first is to set NORMAL and NOGRID to 1 and

read the raw station data. The program will then generate a Mercator

grid and normalize the station data. Another choice is to read in

normalized station data with geographic co~rdinates,  or raw station

data with Mercator coordinates. In the last two cases, either NOGRID

or NORMAL is set to O. The last option is to read normalized station

data with Cartesian coordinates for the $tqtion IpG?jtjQns.  In this

case, both NOGRIll and NORMAL are set to O. If more than one run is

made on the same set of data, the last option should be exercised after

generating a data deck of the normalized data and Mercator grid from

the initial run.

Raw station data is read using format 10. An example is given

in Appendix 121.

3,4 Section 111

The scale parameters which control the scaling and nondimensional izing

are read in here, they are as follows:

USCALE: Velocity scale in meters per second;

DSCALE : Depth scale in meters;

ALSCALE: Horizontal length scale in meters;

G : Gravity in meters per second squared;

E : Perturbation density in grams per centimeter cubed;

Q : Constant density in grams per centimeter cubed;

GAMMA : Bottom friction coefficient in grams per centirrteter squared.
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3.5 Section IV

In this section,

Mercator x-y grid.

geographic coordinates are transformed into

Notice that the routine works only for the northern

hemisphere and west longitude. The subroutine finds the maximum and

minimum values of latitude and longitude. The minimum latitude becomes

the y = O axis. The y coordinate value of each station is obtained

by calculating its distance from the y = O axis and scaling the distance

b y  t h e  h o r i z o n t a l  l e n g t h  s c a l e . For example, if a station is 100 km

north of the y = O line and the length scale is 100 km, the y coordinate

value of the station is one unit. The x coordinate is computed in

a slightly different manner because the distance between a station

and the x = O line is a function of its longitude and latitude. The

program finds the mean latitude and calculates the distance in the

x direction that the station is from the x = O longitude and the longitude

of the station at the mean latitude.

The Mercator grid can be scaled so the output overlays standard

hydrographic charts. The transformations are as follows:

X(I) = -(R*A- ~min)

Y(I) = RAALOG(TAN(p/Z.  +n/4) - TAN{*+ ~/~))

where:

R = Radius of Earth + (ALSCALE *COS (9 average)) this makes

each nondimensional unit in the horizontal direction one

scale (ALSCALE) length at the mean latitude.

a = Longitude
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A = Westernmin

!3 = Latitude

omin = minimum

most longitude to become

latitude to become y = o

x =oline

line

The radius, R, is listed by the routine and if a plot is to be made

to fit another Mercator projection, the x and y axis can be scaled

appropriately. For example on a typical Mercator chart there will

be a statement that the scale of the projection is l:N on reference

latitude O ref.

R =

Then if R is entered as:

Radius of the earth (meters)
* COS(PREF)

The plots will be correctly scaled to overlay the chart.

The data for this routine is read with the raw station data. The

degrees of latitude and longitude are read into two integer arrays

and the minutes of latitude and longitude into two decimal places are

read into two real arrays. The x and y coordinates returned from this

subroutine are stored into the real arrays, and the original latitud~

and longitude of the stations are lost.

3.6 Section V

This routine

the maximum and

3.7 Section VI

calculates the mean coriolis value, FO, by averaging

minimum coriolis values of the region.

The raw station data is normalized according to the scale parameters

read in by Section III. In the following, the primed values are the

322



r?ormalized, nondimensional values:

ALPHA’ = (ALpHA- Q* OEpTH)/(E*DSCALE);

DELTA’ = (DELTA-Q* DEPTH *DEPTH/2 )/( E* DscALE*DscALE);

DEPTH ‘ = DEPTH/DSCALE

TAUX ‘ = (1/(FO * USCALE * Q * DSCALE)) * TAUX;

TAUY ‘ = (1/(FO * USCALE * Q * DSCALE)) * TAUY;

CURL ‘ = (1/(FO * USCALE * Q * DSCALE * ALSCALE)) * CURL,

The normalized values are stored in the arrays where the raw data was

stored.

3.8 Section VII

In this section, a least squares fit is made over the alpha and delta

fields. A third-order polynomial in the z direction is fit to both

the alpha and delta data.

ALPHA = A. + A1*Z + A2*Z*Z + A3*Z*Z*Z

DELTA = Do + D1*Z + D2*Z*Z + D3*Z*Z*Z

The coefficients are returned by the subroutine

calculate the alpha and delta gradients. The

least squares fit program, and the basis set of

the least squares interpolation can be changed.

to be used later to

subroutine is a general

functions used for

The user also has

the option of smoothing the alpha and delta fields. For example, if

the parameter “SMOOTH” is set to 1.5, the program will smooth data

over 1.5 standard deviations away from the least squares fit back to

1.5 standard deviations.
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3.9 Section VIII

In this section, the nondimensionalized run parameters are either

read in or calculated:

CONST1 = (G * E * H)/(Q * FO * USCALE * ALSCALE);

CONST2  = GAMMA/(Q* DSCALE).

3.10 Section IX

Here the program either reads in the triangles or generates them.

The triangle information is stored in qn ~rray, ]P(I, N), where N is

the number of the triangle and I is the local vertex number (1, 2,

or 3). The value of 1P is the global number of the particular point.

See figure 4 for an example.

If the triangles are to be read in, integer format 5 is used (see

Appendix 111 for an example). A brief explanation of how the triangles

are generated is given in Appendix IV.

3.11 Section X

The boundary values are read in this section. If the triangles are

generated internally, the external boundary values must be read in counter-

clockwise order. This will allow the program to determine what triangles

are inside or outside of the domain. The boundary values needed are

the surface elevations of the boundary stations in centimeters, Coastal

and island boundary points must be identified. A discussion of the

strategy used to obtain boundary values is given in the comparison report

in this series. See Appendix 111 for an example of how the boundary

values should be read.



3.12 Section XI

This section is used only if the triangles are generated internally.

The subroutine FINDBP stores the number of boundary points that each

triangle has, rearranges the local vertex numbers of the boundary tri-

angles so the boundary points are the lead vertices in counterclockwise

order, and finally checks to see that the boundary points are ordered

consistently. This section sets up the boundary triangles for the

next routine which eliminates the triangles external to the region (see

figure 5).

3.13 Section XII

Again, this option is needed only if the triangles are generated

internally. Subroutine ELIM is used to eliminate

to the region. This will be the case for concave

and islands. Each triangle with three boundary

the triangles external

domains (see figure 6)

points is tested

to see if it is external or internal to the region (see figure 6).

The final mesh of the triangles to be used for the finite element

technique and the number of triangles, NTRI, are products of this section.

3.14 Section XIII

Subroutine SETMAT zeros the global matrix and right-hand side. The

subroutine also has the option of eliminating the trianlges  with three

boundary points from the finite element mesh. If the second option

is activated, the last parameter in the call, IELI, is set to 1.

3.15 Section XIV

The assembly of the global matrix starts here. K is the number of

the triangle being operated on.
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3.16 Section XV

The triangle vertices are identified in terms of their global labels.

The first vertex of triangle Khas global  label J, the second, L, and

the third, M.

3.17 Section XVI

The three-by-three

area of the triangle

location matrix is set and used to calculate the

a n d  a l l  t h e  g r a d i e n t s  w i t h i n  t h e  t r i a n g l e . For

example, the first row of the matrix contains the x and y coordinates

of the first local vertex of triangle K.

3.18 Section XVII

Now the area of the triangle is calculated. Subroutine TRIAREA cal-

culates the determinant of the location matrix A, and multiplies it

by a half. The absolute value of this quantity becomes the area of

the triangle.

3.19 Section XVIII

The gradients needed for the triangle are calculated with the exception

of the alpha gradients. The alpha gradients are calculated in the

next section. The other forcing function gradients are obtained here

using the position matrix as a coefficient matrix and setting the right-

hand side vector, B(l), B(2), B(3), equal to the particular values

of the forcing function at vertices 1, 2, and 3. For example, for

the depth we have:
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The three-by-three system is solved by Kramer’s Rule in subroutine SOLVE

which calls TRIAREA to compute the determinants.

The shape function gradients are also calculated in the same manner

by solving the following set of equations:

.-

A

. .

~shape (~

+Y

c shape (I)

— !
F(l)

B(2)

B(3)

—

r 1-

1-001=1 or

—
0

1 o r

.-
0

0

1

1 =:- -

The subscript I tells you which vertex the particular gradient is

associated with.

3.20 Section XIX

The alpha gradients are calculated differently than the other gradients.

A simple linearization of the alpha field introduces errors which are

unacceptably large, so a more detailed description of the density field

is needed than the bottom alpha values at the triangle vertices. There-

fore, a third-order least squares fit to the alpha field is generated

(see Section VII) and used to obtain alpha values at the triangle vertices

for the centroid depth.

a(alpha)~:  ~z
Alpha (at centroicl  depth) = alpha (at bottom) + az

+ a2(a~~~a)K* $+~2(a~~ha)K* $.

In the above calculations, the alpha gradients are obtained by differen-

tiating the least squares function of alpha. Once the alpha values
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at the centroid depth are obtained over each vertex, subroutine GRAD

is called to calculate the horizontal alpha gradients. The delta gra-

dients needed for the transports are calculated in the same manner,

3.21 Section XX

The triangle’s contribution to the global matrix and right-hand side

is added in here. Each triangle contributes to particular rows and

c o l u m n s  o f  t h e  g l o b a l

v e r t i c e s  ( f i g u r e  7 ) .

3 4

3

[

x x

4 x x

5 x x

matrix determined by the global label of the triangle

5
m

1[1 [!

x x 3

x c = x 4

x x 5
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Then the second triangle would contribute to

3 5 6

Since we want the

tegrated over the

final global matrix to represent equation 36 in-

entire domain, we add all the contributions from

each triangle. When contributions from triangles I and II in the example

above are added, the resultant matrix looks like:

1

2

3

4

5

6

1 2 3 4 5 6

‘1

0 0 0 0 0 0

0 0 0 0 0 0

0 0 *’x * +

O o x x x o

00*X*+

0 0 + 0 + +
1- -1

c

L

--

0

0

*

x

*

+
. .

1

2

3

4

5

6

As the integration is done triangle by triangle, contributions to the

matrix are accumulated in the appropriate locations of the global matrix

and right-hand side.

3.22 Section XXI

The boundary conditions are imposed upon the solution in this section.

E a c h  r o w  i n  t h e  g l o b a l  m a t r i x  t h a t  i s  a s s o c i a t e d  w i t h  a  b o u n d a r y  p o i n t
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is zeroed. Then the diagonal element of that ro~ is set to 1, and the

element in the right-hand side associated with that row is set equal to

the boundary value. For example, suppose a four-by-four system of equations

was assembled as shown:

GM(l,l) GM(1 ,2) GM(1 ,3) GM(I ,4)

GM(2,1) GM(2,2) GM(2,3) GM(2,4)

GM(3,1) GM(3,2) GM(3,3) GM(3,4)

GM(4,1) GM(4,2) GM(4,3) GM(4,4)

.— -

c(1)
c(2)

=
c(3)

c(4)
.—

Then suppose that C(1) and C(2) are known boundary values.

BC alters the system into the following:

1 0 0 0 -

0 1 0 0
GM(3,1) GM(3 ,2) GM(3 ,3) GM(3 ,4)

GM(4,1) GM(4,2) GM(4,3) GM(4,4) 1
i(l) -

c(2)

c(3)

c(4)
—

iHs(lj

RHS(2)

RHS(3)

RHS(4)
— .

Subroutine

iv(l)

BV(2)

.1

RHS(3)

RHS(4)

Coastal and island boundary vertices have a no net flux boundary constraint

added to the assembled matrix.

3.23 Section XXII

The system of equations is now solved by subroutine SOLN. This matrix

solving routine programmed by Steve Smyth from Knuth (196B, 1973) takes

advantage of the sparseness of the matrix by not storing zero values,

and a second to tell us where in the matrix the nonzero values occur.

The program is set to solve a 200 by 200 system with each row containing

no more than 20 nonzero elements and another array, INTP (4900) keeps
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track of where the nonzero elements belong in the matrix. If a larger

matrix is to be solved, the two arrays can be increased in a manner

described within the program itself, The routine begins by reducing

the global matrix into the product of an upper triangular and lower

triangular system. Partial pivoting on the columns is used and the

triangular matrices are stored into the original global

lower triangular system is solved first, then the upper

is solved for vector C.

matrix. The

triangular system

11- [1

u
becomes “ ~

The system now can be written as

;1[1

o u
L o ~= RtJS .

Let

now solve the following system:

[1o
Y = RtjS .

L

Once y is obtained, the following system is solved for C:
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The decomposed global matrix and right-hand side are saved. If different

sets of boundary conditions are to be tested, the same decomposed global

matrix is used and the right-hand side is adjusted accordingly.

3.24 Section XXIII

Here surface velocities and bottom

for the centroid of the triangles.

3.25 Section XXIV

This is an option to calculate the

geostrophic  velocities are calculated

terms of the vorticity  equation.

The values are calculated at the triangle centroids and are as follows:

Barotropic torque = J{c, d),

Baroclinc torque = NIJ(a, d),

Wind stress = Vx?,

Bottom friction = -( barotropic  torque + barocl ini c torque + wind

stress).

3.26 Section XXV

The plotting is executed in this section. The plotting is basically

handled by several subroutines which draw and label the triangles, label

the vertices, and contour any parameter defined at the vertices. A

separate program is used to take the punched velocity data from the

model and plot velocity arrows at the centroids of the triangle.

3.27 Section XXVI

This is the option to alter the right-hand side of the global system

of equations to take into account new boundary conditions. The user

determines the input for this subroutine for each set of boundary con-

ditions. Basically, the routine changes the specific boundary values
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in the right-hand side vector. Once this is done,

to SO1-N and resolves the system of equations using

matrix, subject to the new boundary conditions. W.

the program returns

the decomposed global

th this system, numerous

sets of boundary conditions can be tested at minimal cost.

4. RESULTS

Once the theory and software for the model was developed, operational

testing was carried out. The model was run on simple contrived test

cases. These runs were made to develop a better understanding of the

physics involved to test the finite element method which is regularly

used in engineering studies but is relatively new to oceanography.

A summary of the results along with a discussion of the problems encoun-

tered will be presented here.

4.1 Test Cases

The test cases were designed to give a clear idea of how the model

reacts to different physical conditions. Four simple cases were analyzed.

In the first two, the finite element technique yielded exact linear

solutions. In the last two cases, the analytical solutions could not

be exactly represented by the first-order bases set and the accuracy

of the numerical solution depended upon the resolution yielded by the

mesh system.

The first test case was run on a regular six by six grid with a mesh

of 50 triangles. The boundary elevations increased uniformly to the

north from zero to 5 cm and the wind stress was zero. The depth and

density were constant, and the nondimensional parameters were: CONST1

= 1.00, and CONST2 = .025. The vorticity equation reduces to Laplace’s
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equation subject to the linear boundary conditions. Physically, the

geostrophic  flow is forced onlyby the surface slope and is unidirectional

and nondivergent. The geostrophically driven bottom Ekman layer is

also nondivergent and is transporting water from north to south. The

analytical solution to the vorticity equation is c = ky where k is a

constant determined by the boundary elevation slope. The numerical

solution for this case -

proximate the solution

to the first order (fig

s exact since the finite element solution ap-

with piecewise linear functions and is accurate

8).

The second test case is nearly identical to the first. The boundary

conditions were the same and once again, there was no stratification

or wind forcing. For this case, however, the depth was decreased uniformly

toward the north from 1200m to 200 m.

In this case the vorticity equation becomes

and the resulting geostrophic  flow is unchanged from the previous case.

The surface slope once again drives a unidirectional, nondivergent current

which has no shear except in the bottom Ekman layer. Mass and vorticity

are conserved within the region by having the geostrophic  flow follow

isobaths. The solution once again is .5 = ky, and the numerical solution

is exact (fig. 9).

In the third case, baroclinicity  was introduced into the model by

taking the density as a linear function ofy. The bottom

stress and boundary conditions were identical to those of

the integrated density, became a second-order function of

depth, wind

case 2. Alpha,

Y* The vorticity
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equation for this case reduces to:

Now, the linear basis set of functions used to approximate the solution

cannot fit the exact solution and numerical errors are expected. Physi-

cally, the density field, depth, and boundary conditions are only functions

of y and the resulting barotropic and baroclinic flows are in the x

direction and nondivergent. The baroclinic mode increases with depth
., ,..

and flows counter to the barotropic  mode. This results in a level of

no motion at the mean depth of 700 m. Above the level of no motion,

the boundary forced barotropic mode dominates, and the gesotrophic flow

is to the west. This in turn drives a bottom Ekman layer to

Below the level of no motion, the baroclinic  mode dominates?

geostrophic  flow is to the east. This forces a bottom Ekman

the south.

and the

layer to

the north (Fig. 10). Therefore, the bottom Ekman layer forced by the

boundary conditions and baroclinic field is convergent. However, the

total flow must be nondivergent, and the interior barotropic  mode (specif-

ied by the dependent variable, surface height) must adjust over the

prescribed bathymetry to compensate for the bottom Ekman convergence.

In seeking the analytic solution, we first note the similarity between

the reduced voriticity equation for this case and Stommel ’s model equation

(1965).

Stormnel ’s Equation

4= O on Boundary
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Diagnostic Model, Case 3 Equation

a d  a~= N1172aV2C + —
ay ax

[ = Ky on Boundary

This is a consequence of the integrated friction term being set propor-

tional to the velocity in both models and the bathymetric stretching

term for this case being of the same form as Stommel ’s beta term. If

the boundary conditions for our vorticity equation were homogeneous,

we would then expect the solution to be of the same form as Stcunmel’s

solution. The total solution in this case is just a linear combination

of the solutions for the homogeneous equation solved for the nonhomogeneous

boundary conditions (case 2; see equation A below) and the nonhomogeneous

equation solved for the homogeneous boundary conditions (Stommel) type

solution; (see equation B below).

Homogeneous Equation

c = ky on Boundary

Nonhomogeneous Equation

N2 V26 + al a~ = N1N2 V2aay ax
B

~ = O on Boundary

Note the effect of the baroclinicity  is to add a secondary flow onto

the results obtained from the constant density case. Physically we
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can expect the

compensate for

solution to show southward flow into deeper water to

the converging bottom Ekman layer and then flow moving

back to the north along the western boundary to satisfy the boundary

c o nditions. The r e s u l t s  o f  t h e  t o t a l  s o l u t i o n  s h o w  w a v e - l i k e  o s c i l l a t i o n s

w h i c h  a r e  u n r e a l i s t i c  a n d  n o t  w h a t  w a s  e x p e c t e d  f r o m  t h e  a n a l y t i c a l

s o l u t i o n . H a n e y  ( 1 9 7 5  )  d e s c r i b e s  s i m i l a r  o s c i l l a t o r y  s o l u t i o n s  w h e n

a numerical mesh cannot resolve a boundary layer. 10 see if this is

the case, the secondary flow is examined by subtracting the results of

the homogeneous equation subject to the nonhomogeneous boundary conditions,

(i. e., case 2) from the total solution. Figure 11 indicates that the

mesh system may have problems resolving the secondary flow. A western

boundary current structure is evident but not clearly resolved. To

show that this is the problem, the boundary layer size was increased

by setting the nondimensional friction parameter, CONST2, equal to 1.25

from its original .025.

In case 3A the

As expected, the

western boundary

secondary flow in figures 12 and 13 is now well resolved.

secondary flow resembles Storrnnel  ’s solution with a

barotropic mode forcing water to the south to compensate

for the convergent bottom Ekman layer and then moving back to the north

along the Western boundary to satisfy the imposed boundary conditions.

This confirms that the problem with the original solution for the third

case was related to resolving the boundary layer.

The next step was to see if the triangles along the western boundary

could be cut in half to

The previous case (case

equal to .25. From the

increase the resolution of the secondary flow.

3) was run again on the same mesh with CONST2

results in Figures 14 and 15, it can be seen
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that the numerical grid does not clearly resolve the boundary layer.

For case 3B, the mesh system was then altered such that the triangles

a l o n g  t h e  w e s t e r n  b o u n d a r y  w e r e  h a l v e d . The results are shown in Figure

16.

The solution is improved for Case 3C. It is more symmetrical and

the surface elevation gradients are not as large. In general, a decrease

in mesh size leads to more resolution, but the improvement is difficult

to quantify because the finite element solution depends upon the triangle

shapes as was the mesh size. For example, as thq triangles become less

equilateral, the global matrix becomes less conditioned (Strang  and Fix,

1973).

For the fourth case, the density is once again set to a constant.

The wind stress is still zero and the boundary condition is once again

linear in the y direction. These are the same conditions as in the

first

x and

The

case, but now the depth is made to be a linear function of both

y (depth = AX + By+ C). See Figure 17.

vorticity equation becomes:

The depth gradients are constants. Once again the linear basis set

of functions used to approximate the solution cannot fit the exact solution

and numerical errors are expected. In the interior, the flow attempts

to follow isobaths  but most deviate from the isobaths near the boundaries

due to the boundary conditions. Along the north-south boundaries, the

barotropic  mode is not allowed to force water into or out of the region,



while the shallower water on the eastern bountary allows

mode to force less water into the region than is leaving

boundary. To compensate for this, a secondary flow with

layer on the western side is set up. The secondary flow

the barotropic

on the western

a boundary

forces a con-

vergent bottom Ekman layer to conserve water within the region.

In Figures 18 and 19 of the solution for case 4, clearly, the secondary

flow and its boundary layer are not

case, the boundary layer thickness -

coefficient, CONST2, by

In Figures 20 and 21,

and secondary flow, the

an order of

well-resolved. As in the previous

s increased by increasing the friction

magnitude to .25.

the solution for case 4A showing surface elevation

large oscillations are gone and it is clear

that the flow attempts to follow an isobath until it reaches the western

boundary. The counterclockwise secondary flow and its western boundary

layer is now well-defined. It forces a convergent bottom Ekman layer

which compensates for the excess water the barotropic  mode forces out

of the region through the western boundary.

The next step is to increase the resolution along the western bounda~

by once again halving the triangle size along the western boundary.

In Figures 22 and 23 for case 4B, the difference

by the two different meshes is almost negligible.

the western boundary is better resolved, but the

in only a slightly more symmetrical solution. The

in the solution yie”

The current along

finer mesh results

probable reason for

Y

ded

this is that water is converging along the northern boundary and diverging

along the southern boundary, and to improve the solution, more resolution

along these boundaries is needed.
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The results can be summarized by saying that the model physically

compensates for continuity mismatches between the surface Ekman layer,

boundary forced barotropic  flow, and within the region which has either

a convergent or divergent bottom Ekman layer. This secondary flow is

similar to Stommel ’s model (1965) with a western boundary current @nd

is a consequence of setting the vertically integrated friction terms

proportional to the velocity. The model’s inability to resolve the

secondary flow due to too coarse a mesh was a problem in the test cases.

Halving the mesh size along the western boundary improved the solution,

b u t  t r i a n g l e  s h a p e  a s  w e l l  a s  s i z e  a f f e c t e d  t h e  n u m e r i c a l  s o l u t i o n .

The last test case indicates that care should be taken in setting

the boundary conditions. If unrealistic boundary conditions are imposed,

the model will compensate by forming a boundary layer which may degrade

the results. The boundary layer thickness depends on the potential

vorticity gradient (i.e., bottom slope) so the problem will be different

for different geophysical settings.

5. CONCLUSION

A diagnostic shelf circulation model developed by Galt (1975) is im-

plemented using the finite element method. The

and incorporates variable depth, baroclinicity,

and a bottom Ekman layer. Physically, the model

a small Rossby number flow. The depth scale is

model is quasi-geostrophic

a surface Ekman layer,

assumes a steady state,

taken to be much less

than the horizontal length scale, and the bottom Ekman layer is assumed

to be driven by a geostrophic flow. The coriolis parameter is set to

a constant and vorticity balance is required between the barotropic
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and baroclinic stretching terms and the bottom and surface Ekman layers.

The test cases indicate that the model accommodates the boundary conditions

and forcing functions by creating a secondary barotropic flow within

the region to conserved mass and vorticity  through the bottom Ekman

layer.

The model solves an integrated vortjcjty equation which is a second-

order, nonhomogeneous, elliptic equation and is tested subject to Dirichlet

boundary conditions. The dependent variable is the surface elevation

solved for by the Finite Element Method. The program is written in

Standard Fortran and is a collection of subroutines and overlays which

can be easily altered, bypassed or used elsewhere. The input data requires

standard STD station data, wind stress information, and the boundary

surface elevations.

The major problems the model encounters are numerical. The spatial

resolution of the model is limited and the exact position of current

features cannot be predicted to any greater accuracy than the available

input data. This means that although the model clearly recognizes the

local dynamics, its resolution with respect to position, is no better

than the station spacing, and this should be taken into consideration

prior to taking stations. The stations must be spaced to create a mesh

which can resolve both the secondary flow and forcing functions, par-

ticularly the density field, and depth.
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FIGURE CAPTIONS

Figure

#l

#2

#3

#4

#5

#6

#7

Five Station case where Roman numerals are global labels and tri-

angles are labeled T1 to T4.

Illustration of a piecewise continuous hat function associated

with node V.

Boundary triangle showing normal and alongshore directions.

Sample triangle with labeling.

Example of boundary triangles with labeling. Number of boundary

points for  each tr iangle:

IBTRI (1)= 2

IBTRI (2)= 1

IBTRI (3) = 2

Relabeled local vertices so that boundary points lead in a counter-

clockwise order:

1P (1,1) = 4 0 ; 1P (1,2)  = 41; IP(1,3)  = 4 1

1P (2,1)  = 41; 1P (2,2) = 43; IP(2,3) = 42

1P (3,1) = 44; 1P (3,2) = 44; IP(3,3)  = 4 3

Example of a triangle external to the region of interest. If the

outward normal to the boundary is in the triangle, then the tri-

angle is external to the region. In this example the outward normal

between vertices 1 and Z fall inside triangle I so triangle I is

outside of the domain and” eliminated.

Two triangle examples.

#8 Homogeneous water, flat bottom case, where the geostrophic flow is
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#8 nondivergent and toward the west and the bottom Ekman flow is
(cent)

#9

#lo

#11

#12

#13

#14

#15

#l 6

nondivergent and toward the east.

Homogeneous water, sloping bottom case, where the geostrophic  flow

is nondivergent and toward the west and the bottom Ekman” flow is

n o n d i v e r g e n t  a n d  t o w a r d  t h e  s o u t h .

Baroclinic  c a s e  w i t h  d e n s i t y  a n d  depth  u n i f o r m l y  i n c r e a s i n g  tow~rcl

t h e  s o u t h  a n d  a  l e v e l  o f  n o  m o t i o n  a t  t h e  m e a n  d e p t h  above t h e

l e v e l  o f  n o  m o t i o n .

Secondary flow for case 3 where the density is a linear fqnction of

Y. The boundary layer is not resolved, resulting in numerical

oscillation. Elevations are in centimeters.

Surface elevation contours for case 3 with boundary layer thickness

increased (CONST2 = 1.25). Contours are in centimeters.

Secondary flow for case 3 with boundary layer thickness increased.

Western boundary layer is now well resolved. Elevations are in

centimeters. (cONST2 = 1.25).

Surface elevations for case 3 with CONST2 = .25. The boundary

is not clearly

Secondary flow

is not clearly

Secondary flow

resolved. Contours are .1 centimeter.

layer

for case 3 where CONST2 = .25. The boundary layer

resolved. Contours are .1 centimeter.

for case 3,where the triangles along the western

boundary are halved from previous case. The North-South symmetry

of boundary layer is not yet fully resolved. Elevations are in

centimeters. (CONST2 = .25)



#17

#18

#19

#20

#!21

#22

#23

Non-dimensional isobaths  for case 4 where each unit is equivalent

to 200m.. Depth =Ax+By+C.

Surface elevations for case 4 where contours are in centimeters.

The oscillations indicate that the boundary layer is not resolved.

Secondary flow for case 4 where contours are in centimeters and the

boundary layer is not well resolved.

Surface elevations for case 4 where contours are in centimeters.

CONST2 = .25,

Secondary flow for case 4 with CONSTZ = .25. Elevations are in

c e n t i m e t e r s .

S u r f a c e  e l e v a t i o n s  forcase4 w i t h  CONST2  = . 2 5  a n d  t h e  t r i a n g l e s

along the western boundary are halved.

Secondary flow for case 4with CONST2= .25 and the trtangles a’

the western boundary have been halved from the previous case

(fiaure 14). Elevations are in centimeters.
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Figure 13.
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Figure 15.

Figure 16.

352



Figure 17.

0 0 0 0 0 0

Figure 18.

353



o 0 0 0 0 0

Figure 19.
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Appendix 1

REVISED FLW CIL4RT OF

DIAGNOSTIC IIODEL

Over lay 0 ,0
Program Xodel I

‘+

I
O{menston,  Cam3n,
Equivalence Statements

I

“*
1’] -

I

w~11 Calculste  Nondfmenslaml

t’

*

VIII

+

Read Boundary Conditions

‘x -’ver’ay”o
x  l=@=3°ver1a,12*0

v

I Optfon to List and Punch
Triangle Information I

XI

X11

XIII

XIV

t’

I
Do Letst  Squares Fit

t o  Oenslty  D8ti3 Overlay 1,0

Y

I
Solve Bottczn  Frictfonless

Case

Y’

I
Assemble and Solve

lbtrix Overlay 2,0

+
Option to List and Punch

Elevations !

v

I Cal CU1 ate Transports Overlay 10,0

I
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xv

xv I

XVII

XVIII

4’
I 1

Y ‘“’’’’’’’”0
-  “’er1ay710

F ‘e”’’’””
PChange Boundary

Values I f  Oesired
and Resolve

‘+’
STOP END

I
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APPENDIX II LISTING

NN h N
NNN N tl
KNNN ti N
tiN NN ~! ~
tiN NN ti X
N N NN RN
NN NN NN
N N NN NN
tiN NNNN
N N N N tt
NN Ii N
N:l N N
KN N N
h N N N
NN NN
NN N N

KRON3S  L4190390 7 7 / 0 9 / 1 3 .
OPERATING SYSTEM

JOB ORIGIN = BATCH.
USER NUMBER/ID = G’tl

J08CAR0  NAHE =  GLEIISDO

EEEEEEEEEEEE
EZEEEEEEEEEE
EE
~~
~~
E:
EE
E:EEE:EE
EEEEEEEE
EE
EE
EE
~~
EE
EEEEEEEEEEEE
EEEEEEEEEEEE

111
1111
1 11

11
11
11
11
11
11
1:
Ii
L1
11
11

111111111111
111111111111

YY Yv
YY YY
YY Y’i
YY YY
YY YY
YY YY
YYY YYY

YYY YYY
YYY ‘(7’(

YYYY
YY
Yk
YY
YY
YY
YY

I(K UK
KK ~:; ,.:.

KK UK
<K KK
KK KK
KK KK
KK KK
KK K)(
KKK<K
KKKKKK
KK KK
KK KK
KK K<
KU KK
KK KK
I(K KK

OUTPUT FOR: C L I F F  FRIDLINO

PACIFIC MARINE ENVIRONMENTAL LABO~ATXO?Y

3711 15TH AVE.  N.  E.

SEATTLES HBSHINGTO~ 98105

FTS PHONE: 399-%850

4+W+V*G+4+W+*4*  ***4*4*4**WW***

●  W * W * * 4 * * * * * * W 4  ●  * + m * 4 * 4 ? 4 4 * + * *
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c
c
c
c
c
c
c

c

OVEGI.  AY(HCDEL*O*O)
PROCRAM flGDELIFILEI  *OUTPUTsFILEO*FILElSTApE5=FILEI!  TAPE6=oUTpUTtT:’

cPE7=FILEo,TapEi=FILEl,TA?E99  )

CUASI GEOSTROPHIC t100EL  MITH  AN EKMAN BOTTO)i FRICTION L A Y E R
THE MAXIMUM NUHBER  CF STATIONS THIS PROGRAH  IS SET U? TO TAKE
I S  2 0 0 .  XF ,R025  STATICNS  A R E  ANALYSEO*  THE OIHENSION STATEtiENTS
M U S T  BE INCREASEO. THE PROGRNI  AS IT S T A N D S  TAK:S  P90UT 750c0 CM
OCTAL IF THE U, M. GRAFIx  L IBRARY IS  ATTACHED.

DIHENS1ON XS{IOII)?YS(1OO)
DIt$ENSION  ALAT(2CID),ALONG(200)
DIMENSION LAT(200),LONG(20DI
CO?iHON/LSCOEF/SA(4)  ,’SO(4),STNOVA,STNDV0

COtiHON/IALPHA/ALPHA(ZOO)
COHkON/XOELTA/0ELTA(200)
cotlvoN/IN/N{3001
COHMON/BOUNO/IB175)*BV(  75)JNBV
cotlfloN/IA/A(3,3}
coHMoN/ExTRA/Ex{30a)
cot!M2N/xB/B13)
CCMHCN/CALCC?iP/XXUAXSYYHAX,XSTARTSNBC
COH?CNfIP.LP/ALPH(2~
cclxP!lN/IccNETlc:Nn:*coNsT2
ccs’’!5N/IoEPTH/r)E77w[2co)
COtiH~N/IGRAD/DALPH4XTOALPHAY?ODEPTHXvOOEPTHY*OEXvOEY*AREA
CO!4PCIN/IHEIGHT/HEIGHT  (200)
coMP.oN/IIP/IP(3,350)
coRHoN/INT/INTP(45001
COHHON/IRHS/RHSt20D~
COXKONISCALESIUSCALE*OSCALEV  ALSCALEVGVE*QVG  AHNA*Fo*EDoy
COHUON/UIND/TAUXeTAUYVCURL
cotitioN/INcRK/vALP(45001
COHHON/IX/X(200)
COt4t10N/IY/Y(2001
COHtiON/tiUi!Ei/NVi?TX,NTRI,LIST,  IPUNCH,NEHi3V
cotlKoN/cuToFF/NreP*vFLx*NoHAT*JJ2*oEEf’

c
COtlttON/XYPLOT/XFLOT*YPLOT
COHHON/GOIV/Xl(1021tYl(  102), XZ(102),  Y2(102),NX,t4Y, XDIVJYOIV
COtl#lON/OEC/NOEC
COHtiON/OEG/OEGREE
COHtlON/CHSIZEf51ZE
COUtlON/i3LCK/18LOCK
COllRON/OaJ/XFIANSE,YRAhGE,XHIN,YHIN,  Y!3T,SLFT,YTP,XRGHT
COMMON/SUE!/XLEFTSY60TvXSCALE  JYSCALE
COfiMON/STtiCH/NCHR
COUliON/LTYPE/NLINE
COflflON/NPT/NPTS
EQUIVALENCE fHEIGHT[l),LONG  (1))
-EC)UIVALENCE  IALAT{l).YI1)  )
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EQUIVALENCE  (ALONG  (l)s X[l))
EQUIVALENCE  (I Pll~l)s LAT(l})

c. .i;
c ***** +**** **+* UARNI hG, MIXED tiOOE OPERATIONS A3GUND+*  **+*+**+*  +?*
c
c
c iiE BEGIN HITH ALL THZ FORHATS ME NEEO. NOTE THAT  THE FORM A T

c NUHBERS  ARE ALL HULTIPLES  OF 5.
c

5  FORHAT(1515)
1 0  FORRAT(13S13TF6,2sI~~F6c2,F10,49F14.  4sF7.1~F6.  3,F5.3,F6.3)
1 5  FORHAT[+I*)
20 FORHATI  WO*,*STATS-S5X  ~-LAT1TUDE*S5XS*LONGITUOE+*  bX~*ALPHA4,11X,’i);

4LTA**1OX?+DEPTH*)
25 FORHAT(*  ● t 1 4 t 5 X S 1 3 t l X , F 4 . l S 5 X  s13tlXsF5.Z,4xJF9S4s6X,F13S 4,5~,F7.1

#,6X,F4,Z,5X,F4.2e6X,F10 .7)
30 FORt!AT  (*O@t*TRIANGLE  NO,**1OX**VERTEX  l*TIOX,+VERTEX 24

S10X,”VERTE
● X 34’)

35 FORt4AT(*  ● s4X~13t19XS13SlItXt13t15XJ  13)
4 0  FORRAT(*O*,4TRIANGLE  hO.@,35X,*VERTICES’)
45 FORPAT[*  ● g4Xs13S10XS*{*sF50 2t*t*tF5. 2J*)*t10X* ● [*tF502t*s*sF5,2, *

* I * *  1 O X , * ( * * F S * 2 * * * 4 * F 5 *  2?+)+)
5 0  FORP.AT(15,F20*3}
55 FORH5T(*O*s*BCUNOS?Y  VALS  N O , * , 1 O X , * G L O B A L  LABEL*,IOX,*BOUNDARY  V A

ALUE*v?Xe4CENTIHETE35e)
60 FORK5T’(*  ● ~8Xt13t2!2x.i3,18XsF7.3t15XtF8,3)
65 FORX:T(sO@,@PRCGR~M  T5i?flINATEOs  TRIANGLE*s2X31312X*  *HAS  BOUNDARY P

#OINTS*t2Xt13J*s*t2:t13s* s*s2XS*AND**2XS  X3S2XS *FOR VERTICES*)
70 FORl?AT  (lHO**PROGRbM  STOPPCO  TO CHECK NEk+ BOUNDARY CONOI?IONS’>
75 FoRtiAT(*o*95x,13*14x*  13$ I 1 O * 3 O X , I 3 )
80 FORIIAT(*O=S*BOUNDARY  VALUES*?/~*O*S+BOPO*S6XS+LATITUOE*  ,iOX,=LONGI

#TUDE*tlOXs*VALUE*l
8 5  FORHAT(*  ● s13t7Xt13tlXtF4,1t10Xt13slX~F4.  lsllXqF5,2)
9 0  FORXAT(*O*)
95 FORkAT<*O*v*STAT  NOC*S1OXJ*GLOBAL  N O . * * l O X ,VX -C O O R .  * , l O X , ” Y - C O O Q ’  )

1 0 0  FORHAT[*  ● s2X,13S15x*13,13x,F602*10x~  F602~
105 FORPAT(*I*S4RECHECK  BOUNDARY TRIANGLE*?131
110 FORHAT(*l*s*STATION**2X  ~14j2X?*NOT  ONE OF LISTED STATIONS”)
1 1 5  FtIRHAT(  *O*S*GLOBAL  LA EEL*sIOX~*X-COOR+sl  OX,+Y-COOR*,17X,+SLEVIT19?+

H  NOtiDIH.*t5X,4ELEVATICNS  I N  CM.+*/l
120 FORHAT(*  ● q4XS13S15XSF6.2s10X,F6.2t  20XTF9.  5,tZX,F10.51
125 FORHATIIHO*+RADIUS  USEO IN XERCATOR  PROJECTION IS**F1O.5)
130 FOilttAT (*l*Tq80UNOARY  FOINTS* SIXT13?1X?*AN0  ● t$.Xt13tlXS*ARE IOEtt”iICA

~L+)
135 FOR?!AT(*  +)
1 4 0  FORHAT(7FI0.2)
1 4 5  FORii&T[@  *,-THIS  LISTIt#S IS BEFORE  H E  E L I M I N A T E  T R I A N G L E S  OUTSIJ:

‘ #OF CUR DOMAIN*)
150 FORF!AT{7F1O.3)
1 5 5  FORtiAT(lHO?*X=O  L I N E  1S*tF704tlX~+RAOIANS  O F  L.ONGITUOE  NEST+)
1 6 0  FORtlAT(iH  **Y=O  LINE IS*,F7.  411X**RADIANS  OF LATITUOE  N O R T H * )
Z65 FORRAT{*  ● j * S T A T , * ? 9 X , * G L .  LAB.*,9x,*ALPHA*,  11x,*oELTA*  ,11X,4DEPTH
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*?]
~7~ F9?;+A7(lx~13,1ZX,13  ,9XJF905~6xtF1105  ?7xtF9.5!10x*F9.4)
~~~ FC2;?AT(*  **@NC?MALIZEO  VALUES@$/1
193 FORHAT(*  ‘ * * T r a n s p o r t  A N D  HEAN  V~LocITIES  NONCIMENSIONALIZE  04, /)
1’35 F0RHAT{iX~2F10.Zt50Xs*STA.*  92X,13)
200  FORHAT{FIO.  4VFI5.4,F1  0.2?F%0.4*F1  1.4,15x**STA,*,ZX,13)
205 FORFlAT(315t55X,*T?IAe*+  1X,14)
2 1 0  FORRAT(FiO.4*60XJ*HEIGHT**  lXi13)
2 1 5  FORHAT(* ‘t4SCALE P~RAtiETERS*l
220 FORHAT{  e0*vwVEL0CITYw*7X9F60  3SlX**HETERSlSECeVljg*  ‘**2:PTH+~10X,C

#7.istX?wHETERS*9//s+  +s+LENGTH*s9XsF801~  $X*+tIETEi?S*t//,4  ● ,$GRA’JIT
2yS$aX$F7.Z,IX~*M/[SEC SQ)**IIV* *,*pERT. DENS11Y*,2%9:6,4$ix$*Gfl/  f
~cy CU)*9/IV* *,wcONST,  0ENSITY*91X9F7,3VIX  ~+GHl(CH  CUI*VII*W ‘s*GA
#HYA*wlQXeF7.ltlXe*GP{  ICM SQ)*v/19*  *9*CORIOLIS*97X9F9a79 lx,+i/SEC*
*)

225 FORUATt*D***NOND1~ENSIONAL  RUN PARAHETERS*S//*’  4s*CONSTl=GEH/QFUL
#=+9F5,2,//e*  +,*CONST2=GAHHA!QH=+  jF7c51

230 FORMAT(m  *,eVELoCITy  IS  IN CENTIMETERS pER SECON04,~)
235 FORHAT(@  ~?*ELEVATICN  SCALE FACTOR XS+~F803*  lX?*Cf10”)
2 4 5  FORHAT(3F15*6)
2 5 0  FORkAT(F1O,  4eF15*beFlo.4v36XsqSTA,*elX9  13)
255 FOR!+AT(*flEAN  CORICLIS  I S * S F 1 O O 8 )
260 FORWAT[*RIND  STRESS &hD CURL VALUES+t3F1004)
2 6 5  FORHAT(Q  +t@RAW STATION  OATA+O/S ● S,?TAUX=+,  FI0.4e5Xt+ TAUY=*aFIOo

#4,5x,4cuRL=*9Fio*4)
270 FORYAT(4ALPHA  CCEF.S,5F2005}
2 7 5  FO!?YJT(+DELTA  CQEP**,5F1OC5)
2 8 0  FORP:?(*O*95EDUY  CSEFFICEINT=4SF10.3?lX9*GH/  (CH SEC)*)
285 FORK2Y(lH0.10H*********+,2Xo~GLOBAL  tiATRIx  IS SINGULAR, PROBLEM

CTERKINATEOislOH*********iJ
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

HERE HE REAO IN CONYRCL  VALUES WHICH WILL TELL US WHAT WE wANT OUT
A N D  HHAT  HE NANT 00NE

IF #NY OF THE THE PARAMETERS IS SET TO It THE PROGRAH  MILL EXECUTE
THAT OPTION. IF IT IS 09 THEN THE OPTION WILL BE BYPASSED
ALL LIST OPTIONS 8ZGIN  klITH  L* AND ALL PUNCH OPTIONS eEGIN  WITH 1P.

LRHOATA=l  HEANS  T H 4 T  THE RAM D A T A  HILL  BE LISTEO. OATL :

NCGRIO=I  HEANS  THAT THE CARYESIAN GRIO HILL SE GENERATED, oAT.1 i
NOTE THAT IF THIS IS 09 THEN THE GRICI IS REAO IN.

LG?IO=l ?IEANS THAT THE CARTESIAN GRID  MILL’BE LISTED.
IPGRIO=l HEANS  THAT T H E  C A R T E S I A N  GRID  MILL BE PUNCHEO.

NO!?t!AL=l  t!EANS  THAT THE RAH DATA HILL BE NORMALIZED, OATL  3
ONCE AGAIN IF THIS XS SET TO D, THEN THE DATA HILL HAVE TO 95
REAO IN.

L?1ORH=1  tiEANS  THAT THE NORilALIZEO  OATA WILL  BE LISTEOO
IPNCRt!=i t!EANS  THAT THE NORHALIZEO OATA HILL BE PUNCHZDO

t4AKETRI=l  HEARS  THAT THE TRIANGLES HILL GE GENERATEO, D4TA  5
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c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

. c
c
c
c
c
c
.. .

c
c
c.

c
c

IF THIS IS SET TC 0, THEN THE TRIANGLES HILL HAVE TO BE
READ INo

LTRI=l t!EANS  THAT THE T R I A N G L E S  HILL  BE L ISTED.
IPTRI=i tiEANs  T H A T  T H E  T R IA N G L E  L A B E L S  HILL e~ P U N C H E D.
ISTOP=l  HILL SEND THE PROGRAM TO THE GRAFIX  RCLJTINES  AFTER

GENERATING THE TRIANGLESO THIS ALLOHS THE tiESH  TO BE CHEC<Z9
BEFORE  PROCEEDING ON.

NOCORY=l  HEANS THAT THE CORIOLXS PARAMETER MILL 3E GENERATEO. IF OATA
THIS IS  0? THEh THE OATA HAS To BE REho IN. HENCE* Ni3CO?Y=:
H I L L  A L S O  PUNCH  THE HEAN  CORIOLIS  VALUC.

NOCCNST=l  ?IEANS T H A T  THE NONOItiENSIONAL  R U N  PAi?AHETERS  H I L L  BE D A T A
GENERATEo  INsTEAD IJF REAo  I N ,

IPCCNST=l  tfEANS THAT THE NONOIHENSIONAL  RUN PARAMETERS HILL B=
PUNCHED,

LBV=l  HILL LIST THE BCUNDARY  CONDITIONS THAT ARE REAO IN. OATh

NOELEV=l MEANS  THAT THE PROGRAH  HILL GENERATE THE SURFACE DATA .
ELEVATIONS. THE ALTERNATIVE IS TO REAO THEfl INo

LELEV=l  MEANS  THAT THE PROGRAti  HILL LIST THE SURFACE ELEVATIONS.
IPELEV=l  HEANS  THAT THE PROGRAM HILL PUNCH THE SURFACE ELEVATIONS.

NOTR3hS=l  HEANS  THAT THE PROGRAH  HILL GENERATE THE TRANSPORTSO OATA (
IPTRAKS=l HEANS THAT THE PROGRAH  HILL P U N C H  T H E  T R A N S P O R T  INFORHA.

NOVELC=l  HEANS  TH37  THE VELOCITIES HILL BE GENERATED* OATA 1[
IPVELO=l  HEANS  THAT THE VELOCITY INFORtiATION  HILL  BE P U N C H E D .

NOTERP=I  liEANS THAT THE VORTICITY TERHS  HILL BE LISTEOS !J4TA 11

NBC=  NUHBER  OF OIFFERENT  BOUNOARY  CONDITION SETS YOU HAVE. DATA 1~

NOPLOT=l  HEANS  THAT  THE PROGRAH  HILL CO CALCOtlP  P L O T T I N G . OATA 1:
IWHAT=-l  tiEANS  THAT OhLY THE TRIANGLES HILL BE PLOTTED.
IHHAT=O  HEANS THAT BOTH THE TRIANGLES HILL EE PLOTTEO AND THE

SURFACE Elevat ions HILL  BE CONTOUREOO
IMHST=l HEANS  THAT CNLY THE SURFACE ELEVATIONS MILL BE CO?ITOURZ2+

LSF=l t4EANS THAT THE LEAST SQUARES FIT TO THE ALPHA ANO DELTA DATA 14
F I E L D S  HILL BE OCNE. IF THIS IS ZERO* TttEN THE COEFFICIE~lTS
WILL HAVE TO BE READ INo CONSEQUENTLY, IF LSF=l  THE
COEFFICEINTS  I(XLL AUTOMATICALLY BE PUNCHEO  .

LCOEF=l  tlEANS  THAT THE L E A S T  S Q U A R E S  F I T  INFOI?HATION  HILL BE
LISTEO.

SMTNA=THE NUtiBER  OF STANDARO  O B V I A T I O N S  Y O U  UANT  THE ALPHfJ  FIELD OATA i5
S)IOOTHEO  TO. IF SIITHA=O,  T H E  WATER  IS HAD: H o M O G E N E O U S .  IF
SHTHA=-1,~  T H E N  hO SHOOTHING IS DONE.

SHTHO=OELTA SMOOTHING PARAt!ETERc THE OPTIONS ARE IDENTICAL TO
THE ALPHA SMOOTHING OPTIONSO SEE ABOVE FOR DETAILS.
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c
c
c
c
c
c
c
c
c
‘c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

:
c

IFILE=-1  MEANS TtIAT THE PROGRAM HILL PUT THE DECOMPOS:O  tiA’TGIx
ONTO FILE1.

IFILE=O  MEANS THAT THE P R O G R A M  H I L L  OECOtlPOSE  THE MATRIX BUT NOT
P U T  I T  CNTO FILE.

IFILE=I HEANS  THAT  THE PROGRAH  HILL R E A D  T H E  DECOMPOSE9  M A T R I x
FRCti FILE1,

++Jl++REHEHBER  To REQUEsT  F:LE~  ANO CATALoG  I T  I F  T H E  ~~TRIx  I s
PLACEO ONTO FILEIs  ALSO REH5HBER  TO ATTACH THE FILE IF THF
T H E  HATRIX  IS TO BE READ FZO?l THE FILE.*****

N19F=NUflBER  OF INTERICR(ISLAND)  90UNDARY  P O I N T S  Y O U  HAVE. ONE
ISLAND IS  PER!IITTEO.

NFLX=NUHBER OF ONSHCRE  BOUNOARY POINTS YOU HAVE, TeEs: ARE THE
BOUNDARY POINTS MHICH DEFINE THE MAINLANL!  COASTLINE.

N08CK=1  UEANS  THAT THE PROGRAM HILL ALTER THE OPEN BOUNOARY
CONDITIONS BY SOLVING THE BOTTOti  FRICTIONLESS CASE,

NOZNJG=l  HEANS  THAT THE INTEGRATION ALONG OEPTH CONTOURS MILL  BE
DONE.  THE ALTERNATIVE (NOINTG=O),  IS TO READ IN THE
ELEvATION CHANGES ALONG THE DEPTH CONTOURSO

IPINTG=l HEANS  THAT THE ELEVATION CHANGES ALONG THE DEPTH  CONTOURS
HILL BE PUNCHED OUT. NOTE THAT THE ELEVATION CHANGES ALONG
CEPTH CONTCURS  ARE  FUNCTIONS ONLY OF THE DEPTH, ANO F O R C I N G
FUNCTIONS, NCT OF THE BOUNOARY  VALUES THEMSELVES.

IPBV=l  MEANS  TH&T THE NEHLY  ADJUSTEO  BOUNOARY  V A L U E S  M I L L  BE
PUNCHED.

NO+CLT=I  t4EhNS THiiT  THE PROGRAIl HILL BE TERMINATE AFTER THE
BOUNDARY VALUES  HAVE BEEN AOJUSTEO TO SEE IF THE BOUNOARY
CONDITIONS ARE REASONABLE.

OEEF=CUTOFF OEPTH  AT UHICH THE BOUNOARY VALUES ARE OBTAINEO FROM OATA 1
OYNAHIC HEIGHT CALCULATIONS, THESE BOUNDARY VALUES HILL NOT
BE ALTEREO,
THE QUANTITY OEEP IS REAO IN NEGATIVE tiETERSo

READ(5*5)LRUOATA
REAO(5,5)  NOC!?ID,LGRID$IPGRI0
REAO(5,  5)NCRHAL,LNORH,IPNORH
REAO(5,5)t!AMETRI,LTRI,IPTRI,  ISTO?
REAO[5,5)NOCOGY
REAO(5, 5)NOCONST,IPCONST
REAO(5,5)LBV
READ(5,  5)NOELEV,LELEV$IPELEV
READ(5,5)  NOTRANS,IPTRANS
REAO(5*5)NOVEL0,  1PVEL0
REA12(5*5)tic7ERN
REAO(585)NBC
REAO(5*5)  NOPLOT,INHAT
REAO(5*5)1SF,LCCEF
READ(5*  140)stlTHA#stiTHD
REAO(5*5)IFILE
READ [5,5)NIE!P,NFLX
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c

c
c
c

:
c
P.

c
c
c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c

c

c
c
c
c
c

READ(5,5)N08CK*NOINTG*IPINTG,1PBV*NOHALT DATA i
READ(5$150)DEEP DATA :

NEH8V=1
ISTART=O

ME NOM  PI?OCEEC  TO READ  I N  T H E  S C A L E  P A R A M E T E R S  TO BE USED FOO,  OiJ?
NONCIt!ENSIONALIZEll  GRIO AND OTHER SCALING.
THE VZLCCITY SCALZ~  ?USCALEt, IS IN HETERS/S5C, THE DEPTH SCAL5,
#DSCALE,  IS IN tIETERS. THE HORIZONTAL LENGTH ScALEt  XALSCALE:,
lil.SO IS IN tlETERS.
G, GRAVITY, IS IN HETERS  PER SECOND SQUARED
E ,  TH5 PEFfTUR9ATICN  OENSITY,  IS  I N  G!i.  P E R  CM. CUBED
Q* THE COtiSTANT  OENSITY  IS ALSO IN GM. PER CM. C U B E D ,
GAMtiA, THE BOTTOH  F R I C T I O N  C O E F F I C I E N T ,  I S  IN GH, PER CM. SQUA?ZD
EODY IS THE EOOY COEFFICIENT CALCULATE FROH  GAHHA.

REAO15,150)USCALE,0SCALE*hLSCALE~G~E,Q,GAHHA
DEEP=OEEP/OSCALE

NOW THE STATICN  OATA IS REAO IN.
ALPHA IS ENTEREO IN (GH/CH’*3}’tlETERS  ANO OELTA IS ALPHA*tlETER
ThU, HINO STRESS?  IS IN OYNES/(CH*CH)
C U ? L  I S  R E A O  I N  AS ZYNES  PER CH, CUBEO,

A F T E R  T H E  L A S T  ST27ZCN  OhTA’CARO IS REhD,  A CARO  WITH S T A T I O N
NUY:ER  ZERO IS RE~2 Ih TO INOXCATE THAT NO HORE STATION OATA
NIL: B E  INPUTE2,

NOTE*++THE  CEPTHt ALPHA? hNO OELTA V A L U E S  hRE P O S I T I V E  QUANTIIES

IFINOGRID.EO.OoANOoNOtiM/lLoEQo  0} GO TO 111
1=1

2 REAO(5t10)N(I)  tLf!T(Il*hLAT  tI}tLONG( I)shLONG(I)tALPHA  (I)sOELTA{l),O
#EPTH(Il

4

OEPTH(II=-OEPTHII)
IF(N(X).EOOO) GO TO 4
1=1+1
GO TO 2

NVRTX=I-1
REAO(5w245)  TAUX,ThUY~CURL

HE EXIT FROtl  HE~E  MITH THE VALUE OF NVRTX* THE NUMBER OF VERTICES

H E R E  T H E  sTaTIoN  OaTa  IS ECHO  CHEcKEO  I F  R E Q U E S T E D

IF{LRHOATA.EOCO)  GO TO 8
RRITE [6,15)
liRITE(6,265)ThUX,TAUY,CURL
HRITE(6,20)
HRITE(6,90)
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00 6 J=lt NVRTX
6 NRITE{6T25  }Nt JJ2LATf J)* AL AT[J)s  LO~lG(JJ1ALONG(JJ  sALPHA(J)+DELTA(JJ  ,

*DEPTH(J)
8

c
c

ill
c

12
c
c
c
c

3001

13
c
c
c
c

22
23

c

c
c
c
c

c
2 4

1012

CONTINUE

CONTIhUE

IF(NOGRID.EO.0)  GO TO 12
IPUNCH=IPGRIO
CALI. CVERLAY{5HHOOEL?8?  D*O)
x!13X=OALPHAX
Yt!AX=OALPHAY
Yt!IN=OOEPTHX
RAOIUS=CCIEPTHY
XHIN=OEX
GO TO 13
CONTINUE

s+++5NoTE  THAT IF  THE GRIo Subrout ine IS ByPASSEO,  ONE NEEDS  TO
READ IN YHIN,YtlbX,YYHAX,  AND XXMAX

RE&D(5*5)NvRTx
D O  3001 I=itNVRTX
REA2{5?195)X(I)  *Y(II*N[I)
COKTIhUE
RE&o(5; i40)YHINtY?Ax,YYHAxsxxHAx
CCt}7XhUE

NOH HE GO ON TO CALCULATE F KNoTs THE HEAN CoRIoLIS  vALuEc

IF(NOCORYqEQSO)  GO TO 22
CALL BETAl{YHIN*YtiAx~Fol
HRITE(7,255)F0
GO TO 23
READ(5,255)F0
CONTINUE

EooY=GAHnA*GAHM~42**Fc/Q

H E R E  THE S T A T I O N  DATA IS NORflALIZEO  IF RE”QUESTEO.

IF(NORHAL,EQOQ)  GO TO 24
IPUNCH=IPNORH
CALL CVERLAY{5HHOOELv9P  DsOl
GO TO 6026

CONTINUE
0 0  1 0 1 2  X=I*NVRTX
REAOt5~250)  ALFHA{I),0ELTA(  I),DEPTHII},N(I)
CONTIKUE
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REAOf5,2611)  TAUXcTAUY,CURL
c
c
c

6026 CONTINUE
c HERE HE LIST THE OTtlENSIONAL  COEFFICIENTS
c

WRITE(’6,15)
liRITEt6,Z15)
WRITE[6,22D)USCALE,DSCALE?ALSCALE*G  FEtCsGAMtiA,FO
HRITE(6*28D)EOOY

G
c HZRE HE H&VE  THE OPTICN  TO GENERATE THE NON DIMENSIONAL RUN
c PLRAtiETERS  OR READ THEti  IN

HE hLSO HAVE THE, OPTION TO PUNCH THEM UP FOR  FUTURE USE
:

IF(NOCONST,EQ,l)  G O  TO 8 9
c
c HERE NONOIHENSIONAL  RUN PARAMETERS ARE REAO IN
c THESE ARE THE CONST  COEFFICIENTS IN THE EQUATION

REAC[59245)CONST1PCONST2
c

GO TO 91
8 9  CONTINUE

CONSTl=tG*E*OSCALE1/[U*FO@USCALE*ALSCALE)
CONST2=GAHtlJV  (2*CSCALE*tOOe)

9 1  CON7XFUE
HR17:(6*225)CCNST:.:ONST2

c
THIS IS AN OPTION TO OUTPUT GRIO OATA

:
IF(LGRID,EQoO)  GO TO 16
HRITE(6~15}
H~ITE(6,95)
WRITE(6~90}
D O  14 I=19NURTX
H R X T E ( 6 , 1 0 0 1 N [ I I  S I , X ( I )  tY(I!

14 CONTINUE
HRXTE(6,125)RPOIUS
ltRITE(6,1551XhIN
HRITE(6,160)YltIN

16 CONTINUE
c
c
c T H I S  IS AN OPTION YC LIST THE NORtlALIZED  D A T A
c

IF(LNORH.ECI.0)  G O  T O  2 9
HRXTE(6,15)
HRITFZ(6,175)
HRITE[6,165)
0 0  2 7  I=19NVRTX
HRITE(6,170}NtI),I,  ALPHJltI)  ,DELTAtI)tDEPTHII)

2 7  CONTIKUE
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29 CONTINUE
c
c THIS IS AN OPTION TO PUNCH
~

IF(lPCONST.EO.0)  GO TO 31
tlRITEt7~Z45)CCNSTi,CONST2

3 1  CONTIhUE
c

NORMALIZED DATA

L
c HE NOW PI?OCEEO  TO REAO IN THE T R I A N G L E S  IF NECESSARY.
c IF PAKETRI=O,  THEN THE TRIANGLE VERTEX NUMBERS HILL B: REAO I N

c ANO NO TRIANGLES MILL  BE GENERATEO.
G

IF(HAKETRXSEO*l)  GO TO 902
c HERE NTRIs THE NUMBER OF TRIANGLES ARE READ IN

9 0 1  REao[5*5)NTRI
c NOM TO RE8L9  Ih THE GLOBAL LABELS OF EACH TRIANGLE VERTEX

DO 903 I=ITNTRI
REAO(5S5)  {IP(J*I)*J=1*3)

903 CONTINUE
902 CONTINUE

c
c

HE NOH READ IN THE gOLNOARY VALUES AND THEIR STATION NUH9ERS
: SURFACE ELEVATIONS ALONG THE BOUNOARY  SHOULO  BE IN CHO

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

58

REtlEHBERs IF AN ISLANO  IS ?RESENT~ ITS BOUNDARY CONDITIONS SHOULO
BE f?EAO  IN FIRST IN Cf.OCKUISE ORDER. THEN THE INSHORE BOUNDA-
RY CONDITIONS SHCULO  BE REAO  IN COUNTERCLOCKWISE ORDER. THESE
ARE THEN FCLLOMED  BY THE REST OF THE 80UNOARY  CONDITIONS REAO
IN COUNTERCLOCKWISE ORDER.

THE BOUN03RY  Elevations FOR THE NO FLUX BOUNDARIES NILL BE
CALCULATE RELATIVE TO THE FIRST NO FLUX STATION. THEREFORE+
IF AN ISLAND  IS PRESENT, THE ELEVATION OF TEE FIRST ISLANO
BOUNOARY  POINT NEEOS TO BE DEFINEDo T H E N  THE ELEvATIoN  c~
THE FIRST ONSHORE, COASTLINE BOUNDARY STATION MuST ALSO BE
SPECIFIEO, JILL CTHER  NO FLUX 60UNDA2Y  ELEVAY1ONS 00NT NZEO
T O  BE SPECIFIEO*

A BLANK CARD SHCULO BE READ IN AFTER ALL THE BOUNDARY  CONOIDTICNS
HAVE  BEEN REAOC
●  * * + * * * * 4 * + ? * * ? * * * *

OIfl=G/[FOWUSCALEWALSCALE*Q*lOO.  )
1=1
REAOt5,5!l)  ISTATSBVAL
IF(ISTAT,EQOO)  GO TO 402
0 0  5 4  J=l,NVRTX
IFIISTAT.NE.N(J))  GO TO 54
18(I)=J
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9V(I}=8VAL401R
1=1+1
G O  TO 5a

54 CONTINUE
H R I T E ( 6 , 1 1 O ) I S T A T
GO TO 2001

402 CONTINUE
6 2  NBV=I-l

c
c HERE$ ME zxIT wITHt NW, THE NuHBER  O F  80UNDARY  PO IN T S

L
c
c HERE HE HAVE AN OPTXOk TO ECHO CHECK THE 80UNOARY  CONCITIO?4S
c

IF(LBV,EQ.0)  GO TO ?46
HRITE(6s151
NRITE{6s55)
HRITE(6,901
DO 64 I=19NBV
BVV=BV(I1/OIfl
HRITE{6?60)I?IB  (I)sBV(I)  ,BVV

6b CONTINUE
746 CONTINUE

c
c NOM  G E N E R A T E  THE 7RZAhGLES  IF REQIAE!jTED.
c

IFtHAKETRI.EG.G]  G2 T O  gob
IpCqCH=N18p

CALL 0VERLAY(5HH02EL35*  0,0)
c

9 0 4  CONTItiUE
c

401 CONTINUE
IFIMAKETRI,EQoO)  GO TO 754

c
c IF TRIANGLES wERE INTERNALLY GENERATED, H: HILL PROCEED TO
c ELIPINATE  THE TRIANGLES EXTERIOR TO THE REGION OF INTEREST.
c

LIST=LTRI
CALL 0VERLAY(5Ht100ELt6,  0,01

7 5 4  CONTIhUE
c

IF(LTRIsEQ,O)  GO TO 57
TRISNGLE  tiUHBERS  ALONG WITH  THZ GL09AL  L4BELS  O F  E A C H  VERTEX  I S

: LISTEO  ANC ON THE NEXT PAGE, THE VERTEX COORDINATES ARC LIS7S0
c

MRITE(6,15)
HRITE(6,30)
MRITE(6,90)
DO 26 I=i,NTRI

2 6  HRITE(6,35)  I, (IP(J,I)sJ=l,3)
HRITE(6,15)
HRITE[6,40)
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NRITE(6 ,90)
00 28 I=l,NTRI
II=IP(l>II
XL=IP[291)
IH=IP(3?II

2 8  HRITE(6*45) I,X{I1),Y(II}, X(IL),Y(I L),X(IH),Y(IH)
57 CONTINU:

c
c THIS IS THE OPTIOh  TO PUNCH THE TRIANGLE OATA
c

IF(IPTI?I*ECI.0)  GO TO 157
HRITE(7,5)NTRS
0 0  15E I=i,~T91
WRITE[7,205) IP(1*I)?IF( 2TI)*IP(3,1)*I

156 CONTINUE
1 5 7  CONTIhUE

c
b
c
c WE NOH FIT THE ALPHA ANO OELTA  TO A THIRD OROER  POLYNOMIAL BY
c 00ING A LEAST LEAST SQUARES FIT TO THE ALPHA AND DELTA FIELOSW
c

IPUNCH=LSF
LIST=LCOEF

SE(:)=SHTHA
SiI[l)=SHTHD
C:LL CVERLAY[5HM:ZEL*  1SO?O)

c
c

1 3 2  CCNTXNUE
c V++*V++**
c
c NOH PROCEED T@ ALTER THE BOUNOARY  CONDITIONS BY SOLVING THE
c INVISCIO  CASE ALONG BOUNOARY  OEPTH  CONTOURS.
c
c

IFINOBCK,EUOOI  GO TO 68
LIST=NOINTG
IPUNCH=IPINTG
CALL CVERLAY{5HHODEL*  12,0~Ol
IF(IPBVOEOOO)  GO TO 67
D O  6 6  I=l,NBV
BVV=13V(I)/DIf’t
J=IB(I)

6 6  HRITE(7950) N(J) j5VY
6 7  CONTIhUE

IFINOHALT.EO.0)  GO TO 68
HRITE[6,7D)
GO TO 2001

68 CONTINUE
c
c IF THE LEAST SQUARES COEFm  TO THE 8AROCL.  FIELO  HAS GENERATED
c THEN ME HILL  SAVE  THE VALUESO
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IF ILSF. EQ.0)  GO TO 69
c N9H PROCEED To PUNCH  THE VALUES UP SO HE DO NOT HAVE TO
c REGENERATE 7J+Etl  AGAIN.

HRITEf7t270)S4~l)  tSSlZ}  ● sA(3)~SA(4}tSTNDvA
HRITE(7T2751SD  (1)SSO[2)  *SO(3)  ?SO(4)9STNOV0

6 9  CONTIMJE
c

IF(ISTOp.EO*il  GO TO Z99Y
c ●  * * * * * * * *

c
c

133 CONTIhUE
c HE NOM ASSEMBLE THE MATRIX
c

NOFtBT=O
IFINE~BV.GT*l)  NO)tAT=-1
IFINOELEVOEosi)  GO T O  164
DO 162 I=l,NVRTX
READt5,2iO)  HEIGHT11)

162 CONTItWE
GO TO 134

164 CONTINUE
LIST=IFILE
CALL 0VERLAY(5HfiO!lELt2t  OtO)
IF(ttVRTXoLTOO) 60 TO 4001

c
134  CgtiTINUE

L
c TF:~  Is AN OpT~CN TC LIST T H E  EVEVAT1ON OF THE VERT1ClESO

c
IF(LELEVSEOOO)  GO TO 17B
14RITE(6715)
ELEV=(FO*USCALE*ALSCALE/G)*100.
NRITE(6*2351ELEV
~R~TE[6,ii5)
00 1 7 6  I=lgNVRTx
OIH=HEIGHT(I)*ELEV
HRITE[6*120)ITX{I)  9Y{X) ● HEIGtlT(I),OIM

176 CONTINUE
178 CONTINUE

c
c THIS IS THE OPTION TO PUNCH THE ELEVATION DATA
c

IFIIPELEVOEO.0)  GO TO 1 5 9
0 0  158 I=i*tWRTX
HRITE(7?210)  HEIGHT( I IS I

158 CONTItWE
159 CONTINUE

c ’
HERE HE HAVE THE OPTICN  TO CALCULATE THE TRANSPORT AT THE CEt)TRoID

: OF EACH TRIANGLE
c

IF(NOTRANSOEQ.0}  GO TC 184
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IPUNCH=IPTRANS
CALL 0VERLAY(5HMOOZLS10!  OSO)

c
lab CONTINUE

c
c OPTION TO CALCULATE ANO LIST EKHAN  VELOCITY, EAROTf?OPIC  V;LCCITY
c THEIR SU)IV  ANO BOTTOM  V E L O C I T Y
c

IF(NOVELOOEOOO)  GO 70 186
IPIJNCH=IPVELO
CALL 0VERLAY[5HHOoEL?lltOSO)

ias CONTIhUE
c
c OPTION  TO CALCULATE ANO LIST THE OYNAtiIC  BALANCE TERHS,
c

IFtNOTERtloEQoO)  GO TO i68
CALL CVERLAY(5H)IODELS7SOSO)

188 CONTINUE
c WE NOW HAVE THE OPTION  OF PLOTTING THE TRIANGLES AND LA9ELING
c THE VERTICIES  HIT’H THEIR ELEVATIONS.
c ONCE  A G A I N  T H E  UNIV.  CF H A S H . * S  N.P.SO  SYSTEti  IS UTILIZEOO
c

2999 CONTINUE
IF(NG?LOT,EQO  O.ANC.NSC.EO.i)  GO TO 2001
IF(NOPLOTOEQ*O)GC  75 1 9 9 9

c
c HE NOH PROCEED 72 pLOT THE SURFACE ELEVATIONS.

LIST=IUHAT
CALL 0VERLAY(5HtIOOEL,4t  0,0)

c
c

1999 CONTINUE
IF(NSHBV.CE.N9C)  GO TO 2001
CALL NEHBVAL
NEU2V=NEH8V+1
IF(JJ2,EO00)  GO TO 133
G’O  TO 132

c
c
L

c IF  THE FORCING FUNCTICNS  ARE ALTERZO,  THEN THE N5!4  VALUES  A R E
c READ IN SUE!ROUTINE  ?iEhBVAL  ALONG WITH ANY NEH 80U!IDARY  VALUESO
c THEN  ONE EEASSEP3LES  THE RIGHT HANO SIOE AND REAOJUS7S  THE NEH
c BOUNDARY VALUES BY SETTING JJ2 I.N COti)lON BLOCK CUTOFF TO 1 IN
c SUBROUTINE NEUBVSL, THIS HILL SENO THE PROGRAM INTO BCHKD IF
c ONLY THE @OUN04RY  VALUES ARE CHANGEO  IN SUBROUTINE N:H3VALS  THEN
c JJ2=0 ANO ONLY THE NEH BOUNOARY  VALUES ARE ALTEREO  AND NOT THE
c ENTIRE RIGHT HAND SIOE*
c
c

4(IO1 HRITE(69285)
200i STOP

E N O
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OVERLAY  (RCDELOISOI
PROGRPfl  LEAST
COMFON/NUH3/NVRTX,NTRI,LIST*  IPUNCH
COXHON/IALPHA/ALPHA  (2001
COHRON/10ELTA/0ELT4(2CO}
COHHONlL5CoEF/5At4$*SOlbl  ,STNDVAVSTNOVD
coHPoN/IHErGHT/HEIGHT(200)
coHtloN/IDEPTH#oEPTH(200)

270 FORt!ATl*ALPHA  C C E F * * , 5 F 1 O , 5 )
2 7 5  FORflAT(*ALPHA  CCEFm*~5Fi9,5)

StlTHA=SA(l)
SHTHD=SD(lI
LSF=IPUNCH
IF(LSFOEO*D}  GO TO 166
LCOEF=LIST
CALL LQFIT{ALFHAsSA~STNOVA,LCOEFSNVRTX)
LCOEF=-LCOEF
CALL LQFIT(DELTAtSO,STNOVDtLCOEF,NVRTX)

c **+*NoTE,  THE COEFFICIENTS ARE STORED INTO SAS AND SD* SA HOLDS
c THE COEFFIENTS  FOR ALFHA  ANO SO FOR DELTA*

GO TO 167
1 6 6  CONTIhUE

c HERE k’= READ IN THE ALPHA AND DELTA COEFFICIENTS IF THEV HERE
c NOT GENERATED,

REAC(5t270)SA(l)  ,SSt2)sSA(319SAC41  TSTNDVA
REAO:5,275)SOfi),SS  tZl,S0 (3) sSO(4),STNOV0

1 6 ?  CONTZNUE
c
c ME NOM  HAVE THE OPTION  OF St!OOTHING THE ALPHA AND DELTA FIELDSo

IF(SHTHA.EO.-le)  GO TO 168
CALL SHOOTHtALPHA~SA,SlifHA,STNOVA,NVRTX)

168 CONTINUE
IF(SHTHOOEQ.-1O} GO TO 169
CALL StiOOTtl (OELTA,SD,SMTHOsSTNOVO,NVRTX)

169 CONTINUE
END

373



OVERLAY(MOOEL~?,C)
P,R,OGRAH MATASS
coflfloN/IN/N’{300)
COMXCN/IRHS/RHS(ZOO)
COnHONllWCRKIVALP  (4500}
CO14MON/INT/INt?{4500)
COUHONILSCOEFJSA(4)  *SO(4)
COHFION/IALPHA/ALPHA(200}
COHNOMIDEPTHIDEPTH(  200)
COt4HON/IIP/I?  (3,350)
coflHoNIIA/At3*3)
COMUONIIB18  :31
CONHON/IY/Y1200)
COHtiON/IX/X(ZOOl
COtlHON/NUMB/NVRTX,NTRIS  IFILE,HASL,NEHBV
CCtiMON/HINOITAUX,TAUYgCURL
coHfloN/IALP/ALPH(3)
COHHON/SCALESiUSCALE,DSCALE,ALSC4LEeGvEvQ,GANNA  *FovEooy
COi4HONiEOUND/IB(75)  ,BV(75),NBV
COtlliON/IHEIGHT/HEIGHT(200)
COUPONIICCNST/CONSTl,CONS7Z
COHY.CN/XGRAO/OALPHAX,OALPHAYwDDEPTHX,ODEPTHY,DEX,OEY,AREA
COtitiCNICUTOFFINSEPwhFLX,JJl,JJZ
NE Ki2H PREPARE TC ASSE!IBLE THE H4TRIX BY SETTING IT TO ZERO
AND EY SETTING TPS INTEGER BOOK KEEPING ARRAY TO ZERO-

CALL SETIIAT  (NVRTXTIFILE,HASL)
c
c
c
c ME NOH PROCEED TO CALCULATE GRAOIENTS ANO ASSEHBLE  THE fiIITRIX
c

199 CONTINUE
CALL CVERLAY(5HHOOELS2SISOI

c
201 CONTINUE

c
CALL CVERLAY[5HHODEL~2?2SO)
EN(I
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A(3~l)=X{tl)
A[392)=Y(H)
A(1?3I=1OO
A(2c3}=ls0
at3*3)=i*o

c
CALL TRIAREAIA,  AREA)
ARE@= ABS(AREa)

c
CALL GRAO(OEPTHtJ),DEPTH(L),DEPTHttI)  sDDEPTHX,DOEpTHY,C9EPTH)

c
CALL ALFtiX(K,CALPHAX,OALPHAY,ALptiA,SA,ALPll)

c
c
c

0 0  104 1=;,3
DO 102 11=1s3

1 0 2  BtII)=Oo
B(I)=1o

c
CALL GRAD(B(I),B12),B  13),DSHAPEX  [I},DSHAPEY(I),CSHAPE(I)I

c
c

104 CCNTINUE
c

CALL ?lATRIX  IDSHA?EX.OStlAPEY,K,NVRTXsNTRI,  IFILE;ilASL)

,:
c

1 2 8  K=K+l
IF(K,GTeNTRI)  GO TO 1 3 2
GO TO 72

c
1 3 2  CONTIhUE

c
c NOH PROCEEO  TC AOO ON THE CONTRIBUTIONS FROM THE NO FLUX BOUNDARY
c CONOITIONS*
c
c

CALL EASS(VALPtRHS)
c

HERE NE AOD TH5 PRESCRIBED BOUYOAR7  CONOITONS TO T H E  R I G H T  H A N O
: SII?EO
c

CALL BC(NVRTX~NBV,It?,BV,tIASL)
c

END
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0VERLAY{HOOEL*2*2}

100

2
c
c
c

c
c
c

11

6

c

:
4

8
c

t
c
c.
c

112
c

10
15

12

20

21

22
301

PROGRAH  SCLt{--  “-
COH140N/tiUHB/NVRTXTNTRI,IFILE  ,HASLSNEU9V
collEoN/INT/INTPc4500)
COflHON/IHEIGl+l/HEIGHT  (200)
cot’lNoN/IHcRK/vALPc4500)
COHflON/@OUNO/1Bt75)  ,BV(75),NBV
COHMON/IRHS/RHS(200)
FORHAT{E1205*020)
NRON=NVRTX
NCOL=NVSTX
SHALL=*OOOOOO1
IF[NE14BVsGT*l)  GO TO i
IF(IFILE)Z~204
CONTINUE

H E R E  T H E  HATRIX  IS DECOHPOSEOo

CALL DCPK(NROH,NCOL,IS~IR~IF,SHALL~  INTP,VALP,t4ASL)
IFIIS,EQ,l)  GO TO 10
IFfIFILE.EQ.0) GO TO i

OPTION  TO CREATE  F I L E

“00 6 1=1~4500
MRITE(l ?IOO)VA!.PII)  ,INTP(I)
CONTINUE
GO :S 1

OPTXCN  TO REAC FROtl  FILE

0 0  a  1=1,4500
JK=I-1
REAO(lt  100) VALPtI),INTPtI)
GO TO 1
CONTINUE

CONTXtdJE

ME NOU AOD THE BOUNDARY CONDITIONS IN. NOTE THEY
INTO VALP AFTER THE UATRXX  HAS BEEN OECOt4POS:O*
0 0  1 1 2  K=l,NRCM
VALPtK)=RHS(K)
CONTIhUE

CALL SLVK(NROH*NCOL  *IE,INTP,VALP)
IF(IE,EO,l)  GO TO 12
GO TO 21
NRITEt6,15)
FORNAT(*O@,4SING  IS i, M A T R I X  IS SINGULAR$)
NVRTX=-NVRTX

GO TO 301
NRITE(6~20)

FORHAT(*O*S*ER?OR  IS 1* OXVISIOH B Y  Z E R O  IN  SLV<”)
NVRTX=-NVGTX
GO TO 30i
CONTINUE
0 0  2 2  I=l,N!?OX
.f=I+NROH
HEIGHT(I)=VALP(J)
CONTIhUE
ENO

M U S T  BE ACDE!I
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0VERLAY(HOOEL*4~O)
PROGRAH  DRAM
COHtlON/IKt!S/RHS[2001
CORHON/IJOUND/IL3(75)  ,EIV(75),N3V
COHHON/SCALES/USCALE,OSCALE,  ALSCALE,G,E,O,GAHMA,FO,EDDY
coHt+oN/Ix/xA(200}
COt4HON/IY/YAt20D}
coHHoN/IIP/IP(3,350)
COtftlCN/NUtlB/NVRTX\NTRIJIHHAT  ~IPUNCH,NEHBV
cohfHoN/IN/N{3001
coHHcN/IHEIGHT/HEIGHT(20n  )
COttHON/CALCCHP/XXHAXA*YYHAXA  ,ISTARTrNBC
DIHENSICN  CON{201
DIHENSION  TLAEELt3),X  (200)tY(200)

c THIS SECTION IS FOR  CALCOFIP  FLOTTIN
c THE UNIVERSITY OF MASHXNGTON#S  NUMERICAL PLOTTIN SYSTEtl IS USED
c HE HAVE THE OPTION TO ORAH LABEL ANO CONTOUR EACN POINT AND TRIANGLE

XXHJ5X=XXHbXA
YYHbX=YYtIAXA
DIM=  (FO*USCALE*ALSSALE)  +100,/G

c
0 0  3i12 I=lsNVRTX
X(I:=XA(I)
Y(II=YA(I)

3 0 2  CCNTiXUE
RATIO=XXt4AK/YYP:i

“ Ysz::=s.
Xs :ZZ=RATIO*YSIZZ
XINC=XSIZE45,
XINC=O.
YsTb?T=,5
XST:RT=2*
IFt?xHAT,EQoil  GO TO 501
ENCODE(30*34,TLA3EL)

34 FORMAT(27HTRIANGLES  ANO GL03AL  LABELS)
CALL SETUPIISTARTtisXSIZEtYSIZETTLABELS  iso. tXXMAXtO.vYYflAXt  D5 j051X

ZSTAET,YSTA2T)
CALL DRTRI{X,Y,IPtNTRIt2tN)
0 0  hi I=1,Rv2Tx

61 RHS(I)=FLCAT{I)
CALL AC)VANC(Il,  jO,)
CALL TRILASL(XsYsI?*NIRI,o  l12 ,1)
CALL AOVANC(OO, OO1
CALL VRTXL9(X,YsRHS?DttlVRTX?,  f198*il
IF(IWHAT)2,3,2

3 CALL AOVANC{XINC,O,l
2 CONTINUE

ISTART=I
XFtIWIAT,EOe-i)  GO TO 502

501 CONTINUE
ENCOOE[30*339TLABEL)

3 3  FORFAT(26HSURFACE  E1.EtATION  CCNTOURS)
CALL SETUP(ISTART*itXSIZE,YSIZE,TLABEL,  i*O, ~XXtIAXSO,,YYHAX,  05, 05,X

3START,YSTART)
0 0  9  I=i,NVRT~
HEIGHT (I)=HEIGRTII)*oxH

!l CO!ITINUE
CALL KONTRI(X*Y*IP,CON,NTR1,  NVRTX,&,llEIGH1’,1)
CALL FLTBNC(X,YSIB,N8V,1)
C A L L  VRTXLE(X,Y~HEIGHT,i,NVRTX,  .091,3)

40~~ CONTINUE
ISTART=Z

502 IF(NEHBV,LT*N2C)  GO TO 1990
CALL EXITFL
GO TO 1

1998 CALL ADVANCIXINCSO,)
1  CCNTINUE

END
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0VZ2LAY[MODEL,5?O}
?::o  GRAH flEs H

c
C- H E R E  HE GENERATE  THE HESH.
c

COHHON/I~cRK/?(204921SVERT  (402,6)
COtiEON/INT/ISIDEf607S2)  oITRI(403t3)
COtlt40N/IX/X(2(!0)
cOt4140N\IY/Y1200)
coMHoN/IIP/IPt3*350)
ccMMoN/NuMB/NvRTx*NTRI*LIsT?N19P,tlEH3v
COMHON/BOUNO/19(75)~BV(75)  ,N3V
COt4140N/CALCOflP/XXHAXVYYHAX,ISTART,N9C

c
D O  ioi I=lsNVGTX
P(I,I)=X(I)
P(I,2)=Y(I)

101 CONTINUE
CALL TRIAN(ISIOEtITRI)
0 0  2  I=l,NTRI
ISL=XTRI(I,II
IS2=ITRI(It2)
JPl=XSICE(ISi~l)
JP2=zsIoE(xsf1?l
JP3=ISIOE(IS2,1)
15::?1.EQ.JP3.  :=OJ=2*-=QoJP3)  JP3=ISIDEtIs2*21
IP!:,I)=JP1
XP(2SX)=JP2
IP(3)I)=JP3

2 COtiTINUE
c

END
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0VERLAY(RCOEL*690)
PROGRArl  OUTSIDE
COtiHON~BOUND/IB(75)  ,Bv[75)oN8v
coHlioN/II?/zP(39350)
COHHON/hUPH/NVRTX~NTRI*LTRIt  XPUNCHSNEM9V
coHl+oN/IHcRK/IBTRI(350)
colltioN/Ix/x12001
COtlF!CN/IY/Y1200)

c
c CALCULATE THE NUHEER  GF POINTS IN EACH TRIA?JGLE AND ORDER THE
c BOUNt!ARY  POINTS.  THE CODE IS  AS FOLLOWS,  THE VALUE O F  19TI?I[K]

MILL TELL US MOU  MANY BOUNDARY POINTS TRIANGLE $K*  HASO
E

5  FCRHAT{*l*,*WE  HAVE  FCUNO  A 13AD  T R I A N G L E  HIT!+  IBTRI GT.3 I N
HPROGRAM  0UTSIDE~TRI=~?14}

10 FORPAT(*  *~*THE  GLOBAL LABELS ARE*s311t)
1 5  FORNAT[*l+)

150 FORI!AT(*  4s*TliIS  LISTING IS DONE AFTER ME HAVE ELIHINATEO  T R I A N G L E
:S OUTSIDE OF CUR 00PAIN*)

3 0  FORl!AT(*O*t*TRIANGLE  NO,*?lOX~*VERTEX  i*slOX?*VERTEX  2*TIOX**VERTC
* x  3 * )

9 0  FC?MAT(*O*}
35 FCEMAT(~  ● , G X , I ? , : 3 X , 1 3 , 1 4 X 9 1 3 , 1 5 X ,  13)

155 FC?”AT(*i*t*FROG3AY  IS TERMINATED BECAUSE OF FAULTY BOUNDARY TRIAN
#SLE*T/s*  ● 9*I;TR: tiaS GREATER THAN 3?)

C2LL  FIhOSPfIS~:=.:STRI?NTRXsNEV)
c
c HE:: HE HAVE TH:  GFTICN  TO ECHO CHECK THE BOUNDARY POINT SEQUENCES
c

DO 1 I=i~NTRI
IF[19TRIII)cLT,41 GO TO 1
HRITE(6*511
NRITE(6s10)  IPtl,I)sIPt2?I) ,IP(3,1)

1  CONTIhUE
c
U
c HERE HE llbKE ONE FINhL CHECK OF OUR BOUNDARY TRIANGLES.
c IF I!3TRI IS GREATER THAN 3, THE PROGAH  IS  KILLED.
c ●  * W @ * I T  I s  suGGEsTEo  T H A T  IBvcHI(=l  uNTIL oNE GETS  pAsT THIs poI$/TO

THIS HILL ALLOH ONE TO FIND THE BAD T R I A N G L E S .
:

D O  6S I=l*NTRI
IF[IBTRI{I)*GT03)  GC T O  911

6 8  CONTIWE
G o  70 201

9;1 URITE(6,1551
GO TO 754

281 CONTIIWE
c
c
c THIS SECTION CHECKS TO SEE THAT ALL THE BOUNDARY TRIANGLES ARE
c INSIDE THE 00f!AIN
c

c IF THERE ARE EXTRANEOUS TRIANGLES OUTSICE OF THE 00MAIFI,  Tl+ZY
c HILL BE ELIHINATEO  ANO NTRI HILL BE AOJUSTEO  A C C O R D I N G L Y
c

CALL ELIt!(18TRI  sXP,X~Y~NTRI}
c
c

754 CONTIt41E
END
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0VERLAY(HCDEL,7,0)
Pi?OGRAM TERM
CO!iHONINUU@/NVRTX*NTRI,LISTe  IPUNCH,NE~9V
COHtlON/IHEIGHT/HEIGHT  (200)
COMMONIXCCNSTICONST1*CONST2
corlfloN/LscoEF/sA(4)  ,sot4)
coHfloN/IALPHA/ALPHAt200)
cofltioN/IrP/IP(3*350)
coHRoN/IA/A(3*3)
cot’lt40N/IB/B(3)
couHoN/IoEPTH/oEPTHt200)
COHEON/HIhO/TAUX,TAUYsCURL
coHMoN/Ix/x(20’1)
COHHON/IY/Y(ZOO)
coHnoN/IALP/ALpf3}
COHHON/IGRAO/CALPhAX90ALPHAY,D9ZPTHX*  DDEPTHY, DEX,DEY,AREA
MRITE[6?1)

i FORHAT(+l*,*OYNANIC  BALANCE TERtlS*l—
WRITE(6t21-

2 FORHAl(*O*~~TRI*~8Xt*BAROTROpIC  TORQUE*t 8XJ*BAROCLINIC  TORQUE4S7XJ
#*CURL OF HINO**5Xs*BOT10H  F R I C T I O N * )

00 9 9 9  I=lsNTRI
J=IP[itI}
K=IP(2,1)
L=IP{3,1)
A(:,I)=X(J)
A(i,2)=Y(J)
A(:.Z)=l*O
A(2,L)=X4KI
A(Z,2)=Y(K)
A(2,3)=1,0
A(3*1)=X(L)
A(3,2)=Y(Lj
A(3,3)=1s0
CALL GRAOIDEPTH(J)~OEPTHIKl  ?OEPTH  (L), DDEPTHXtDOEPTHYjCCSPTH)
cALL ALPHX1l$  0ALpHAXt0ALpHAY,ALPHA$5A,ALp)
CALL GRAD(HEIGHT  (J)sHEIGHT(K)  ~HEIGHT{L)  *OEXsDEY9CE)
CALL OYBALAN(E!RT?ERCTCURL,BFRIC,CONSTI)
WRITE  {6?3)I,BRT  ;BRC*CURL?BFRIC

3  FCRKAT(+  +.13,11X,F 10,4~i4X$Fi0,4,12X$F100 4*9XjF10.h)
’593 CONTINUE

END
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c
c

5

195
151

140
152

OVERLAY(MOOEL31OTO)
PROGRAH  GRID
coHHoN/IN/N(300)
COHHON/IGRAO/XHAXqYtiAXsYHINS  RhOIUS*XHIN*EXTI?L(2)
COtlHCN/IX/X  (200)
coHHoN/IY/Y(200)
CONXON/IHEIGHT/HEIGET  (zOO)
coNHoN/IIi=/IP(3,350)
COtlMON/NUEB/NVRTX,}TRIT  LIST*IpuNCH*NEHBV
COtitiCN/CALCCHP/XXt4AX,iYNAX*ISTART,NBC
COHRON/SCALES/USCALE*DSCALE,  bLSCdLE,G,E,tl,GA3SA,F0,EOOY
OIIIZNSICN  ALAT(200),AL0NG~2fJ  O)*LAT  [200)*LoNG(2~O~
ECIUIVALENCE (HEIGHT(l)  ~LONG{  1~~
EQUIVALENCE (ALAT(l),Y(l)  )
EQUIVALENCE  (AL0N6(l),X[i)  )
EQUIVALENCE (IPI1,I),LAT  (1))
CALL CARTSN(LAT;ALAT  ~LONG~ALONGONVRTX  ~ALSCALE~XXHAXTYYtIAXSX!iAX?YHA

AX.YKIN,X.Y.RACIUS.XHINI
IPGRIO=IPUNCH  -

THIS IS THE OPTION TO PUNCH THE COORDINATE OATA UP

~F~IpGRID.EQ.0)  GO TO 152
HRIT3(7*5)NVRTX
FORPAT(1515)
D O  15L I=l*NVRiX
HRIT5{7*195)X  [il~Y!Il~N(I)
FGRuAT(Fi0,3,Fi2,S,52X?+STAD*S2X?13)
COkTINUE
HRITE(7s140)YHIti,YHAX?YYHAX,  XXIiAX~RAOIUS
FORMAT(7F1O.2)
CONTINUE
END

0V5RLAY  (MODEL,11,0)
PliOGRAll  NRflL
coMMcN/IN/N13001
co?lf’!oN/IALPHA/ALPHA(200)
CCtlHON/IDEL7A/OELTA  (200]
COH’HON/IOEPTH/0EPTH12tO)
COHt40N/HINO/TAUX,TAUY,CURL
COHflON/NUti9/NVRTXvNTRIVLIST,  IPUNCH,!IEH3”J
CALL NORH(ALPHA,OELTA,OEPTH,  TAUX,TAUY,CU2L,  NVRTX)
IPNCRH=IPUNCH

25G FORHAT(FIOS  4*F15*4,F1O.  4,36X,*STA.*  ,1X,13)
260 FCRMAT(*HINO  STRESS AhO  CURL VALUES**3F1O.4)

IF(IPhORti.EQ.01  GO TO 154
0 0  1 5 3  I=l,NVRTX
H21TE[7.250 )ALPhA(I) ,OELTA(I ),DEPTH(I),N(I)

153  CONTIhUE
HRITE(7,260)TAUXyT4UY~CURL

154 CONTINUE
END
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ovE1’7LAY(tlcDELv12*ol
PROGRAH  TRNS
coMHoN/lCcNsT/Ci,c2
COtlHON#’ItiEIGHT/HEIGHT  (2001
COMt+ON/NUHS/NVRTX,NTRI,  LXST,  IPTRANS,NEtiBV
COHtlON/SCALES/USCALE,DSCALE,  ALSCALE9G,E,Q,GAHHA,F0,EOOY
CCHHON/XIP/IP~3,350)
COXHON/IX/X(200)
COtiNON/XY/Y(209)
COtit40N/IALPHA/ALPHA  t20D)
cotiHoNfIoELTia/DELTAf200)
cGMfloN/IDEPTH/oEPTHf200)
CCHUON/IGRAU/3ALPHAX9DALPHAY9OOEPTHXwOOEPTHY*DELEVx  ,OELEVY,AREh
CCtlHON/HINO/TX,TY,CURL
coHHoN/LscoEl=/sA(4)9sD(4)
cotiHoN/IA/A(3,3)
ccHt4cN/IB/Bt3)
cotiHoN/IALP/ALPf3)

c
c SUBROUTINE TO CALCULATE TRANSPORTS AT CENTROIC  OF EACH TRIANGLE
c cx AND CY ARE THE LOCATIONS OF TRIANGLE CENTERS
c XTRANS  AND YTRANS  ARE THE TRANSPORTS IN THE X AND Y DIRECTIONS
c TTRANS  IS THE TOTAL TFANSPORT
c

WRITS(691’5)
15 FCRUAT(*l*)

DSP=’.!SCALE*CSC:LE=7
HR17S(6V240)DIt!

249 FORFAT(*  *s*TRANspoRT  sCALE F A C T O R  ISW9F8*391X9*CUBIC  METERS  f’ER  s

$ECO!iLl P E R  SQUARE  tlETER ASSUtiING  D E N S I T Y  I S  ONE,*)
HRITE(6v230)

230 FORiiAT(+  ***VELOCITY  IS IN CENTIMETERS PER SECONO*~/)
WRITE(15Ci80)

180 FORP.AT(*  *v~TRIANGLE*93X**X-COOR*9bX**Y-COOR*  t7X~*X-TRANSp*97X9*Y-
#TRANs*95x**ToT.  TRANSF*?5X9*DEPTH**6X**U-HE  AN*94X*4V-HEAN495X!*V  ~
%oT@9/1

c
DO 100 I=lJNTRI
J=IP(l,I)
K=Ip(2*:)
L=IP{3tI)

c
A{t,l)=XIJ)
A(192)=Y(J)
A(193)=i*
2(2,1)=X(K)
A(ZtZ}=Y[K)
A(2,3)=1oO
A(391)=X(L)
A[3,2)=Y(L)
A13,3)=1,
C A L L  GRAO(HEIGHT  IJI *HEIGHT(K)  THEIGHT(  L)*OELEVX*DELEVY  ,CELEV)
CALL GRAD(OEPTH(J),  OEPTH(K),DEPTHIL)  *ODEPTHX,00EPTHY9COEPTH)
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c

c

c

c

c

c

c

CALL ALPHX(X,CALPHAX,OAI.PHAY  *ALPHA,SA,2L?)
DELTA Gl?ACIENTS ARE NbNOLED  LIKE THE ALP1’A G R A D I E N T S
CALL ALPHX(ItCDELTAX9D0ELTAY  ,DELTAsSDtALO)

cx=(xlJl+xtK)+xrL))/3  ●

CY=fYIJ)+YiK)+YIL))/3*

DEP=(CEPTH(J)  +DEPTH(K)+DEPTHtL)  ) / 3 .

XTRSNS=OELEVY*DEP-Cl+GOELTAY+C2~  [DELEVY-DELEVX)-CI*C2*(OAL?HAX-O.IL
ZPHAY)+TY

YTRAtiS=- (DELEVX*OEP)  +C1+DOELTAX-C2+  {DELEVY+DZLEVX)  -cl*C2*[OALPHAY+
#CIALSJHAX)-TX

TRANS=(  XTEbNS*XTRANS+YTRANS+YTRANS)  +*.5

DEP=-DEP*200*
XTRANS=XTGANS~OIH
YTRbNS=YTRANS*OIH
TRANS=TRAhS+DIt!
U=XTRANS/GEP*LCOe
V=YTRANS/CEP*13!tD
VT=7R2NS/DEP*i2as
H?:TE16?i851  Itcxt:Y*xTRANs*YTRANs?TRANs*oEP#u*v$vT

165 fC?nAT(3XSX3*5X  SF6S2*bX,F6C2*4X*Fll,  btbXVFll,4~.4XeFll,4*3X  ,F7,1,3x
#vF;v492X,F9,krZ:+F?s4}

IF$IPTRANS,E2.J)  52 TO 1 0 0
$lE17E(7,260)  X7RANS,  YTRANSsTRANS,U!V!VT  91

2 6 0  FORHATt6F10,3s10X,@TRANS**2X  $13)
iCO CCNTINJE
101 CCNTXhUE

ENS
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OVERLAY(  HOOEL*13*D)
PROGRAH  VELO
COtlflON/IHEIGHT/HEIGHT(200)
COHllON/NUllEl/NVRTX,NTRI*LIST*IPVELOONS:J3V
OItlENSION  SLPH(31
COMMON#IGRAD/OALPHAXsOALPHAYsOOEPTHX?OOEPTHY,OEX,OEY,  AREA
coHHoN/LscoEF/sA(4)  ,s0(4)
COHliON/SCALESIUSChLE~OSCALE,  ALSCALE,G,E,Q,GAHHA,F0,E05Y
collfloN/IIF/IP[3,350)
coHHoN/xti/Af3,3)
cotltioN/IB/B(3)
CONHON/’IALPHA/ALPHA(ZO0)
coulloN/IoEPTH/oEPTH[200)
COt!HONfHINO/TAUX,ThUY~CURL
COMttON/IX/X[2001
coHbloN/IY/Y(200)
HRITE(6$ZI

i FORtlAT(+i***CCtlPARATIVE  V E L O C I T I E S  IN Cfl/SEC+)
HRXTE(6s2)

2  FORHAT[+O*Si6X**EKHhN*SZ6X~*BAROTROPIC*~25X*+SURFACE4sZ6Xs*BOTTOM@
#*/)

MRITE{694J
4  FOF.?!A?(*  *~*TRI*,5X,*U*,gX,*V**7X,*TOTAL*  TIOX!*U**9X?*V*!7XS4TOTAL

$*e8x*~ u *95X** v +95X**TOTAL**1OX$*U*?  9xl*v4*7x**ToTAL4!/)
c

0 0  S99 K=isIiTRI
I=I=tiiK)
J=:= (2!K)
L=I?(3,K)
A(191)=X(X)
A($*2)=Y(I)
A[i$3)=l,
At2;l)=x[J~
A(2,2)=Y(J)
A(2~31=i,
A[3J1)=X(L)
A(3,2)=Y(L)
A13s3)=10

c
CALL GRADIOEPTHII),  OEPTH(J)  sOEPTH(L)  sOOEPTHXtCDEP7HY,  CDEPTH)
CALL ALPHX(K~OALPHAX9CALPHAY,ALPHA~SA,ALPH)
CALL GRAO(HEIGHT  (I)*HEXGHT(J)  tl+ZIGHT  IL)SOEX*OEYsCE)
CALL EKRAN(UE,VE!TOTE)
CALL BAROT{UB9VBTTOTB)
CALL SURF(UE,VE  sU2,VBoUSsVStTOTS)
CALL EIOTT(UBOTjVaOT,TOTBOT)
MRITE(6,5)  K,UE,VE,TOTE,UB,VB,TOT0,US,VS,TOTS  SU90T,VBOT,TOTBOT

5 FORHAT(*  ● , 1 3 , F 8 s 3 , 2 X , F 8 C 3 , 2 X , F 8 .  3,5XVF8* 3,2X,F8.3,2~,F  803s5X*FS.3
2,2X,F8.  3,2XVF8,3,5X,F8.  3,2X,F8,3,ZX,F8,31

IF{IPVELO,EQ,O)  GO TO 952
KRITEt7,105)K,us,vs*TOTS~UBOT  tVBOTSToTBOT

105 FORRAT(15,6F10s  312X~4VELOCITY*)
952 CONTXhUE
93?  CONTINUE

E !12
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ovERLAY  cllooEL,i4*o}
PROGRAfi  BCHK

c
c PROGRAM TO APPROXIflATE  EOUNOARY  CONDITIONS BY SOLVIt{G
c BOTTOtI  FRICTIONLESS CASE.
.b

COHHON/EXTRA/XX(100)sYY[lOO)  , 0 0 ( 1 0 0 )
COHtiON/IGRAOIIFLGVI@EGINVIEND  }NIBP9NH
coHt40N/IIF/IPi3,350)
cor+HoN/Ix/x(?ool
COflHCN/IY/Y{ZOO)
CONHOHIICCNSTJCONSTIVCONST2
COMtiON/IOEPTH/OEPTHIZOO)
COtitlCN/IdLPHA/ALPHAIZOO  )
coMHoN/5ouNolIB[75)  ● BV{751?NBV
COHtlON/UItiC/TAUXSTAUYSCURL
coHHoN/NuHB/NvRTx9NTRI,NoINTG,IPINTG,NEMBv
cot’il’!oN/IAlAc3*3)
cot’itioN/IB/a[31
coMHoN/IN/Nf300)
co141tGN/cuToFF/IBP,$iFLx,J19J2,DEEP
COflRON/SCALES/USCALEsOSCALE,ALSCALE,G~E,Q,GAHHA,FO,EDOY
coHKoN/LscoEF/sA{41  ,Sotft)
CCtlHCN/IHEIGHT/XI::90),YI  (100)
CORYCN/IRHS/0ST(i02)  ,EI(1OO)

c
ISLANil=IBP
NIS==IBP
LAk:=NFLx
ESCALE=FO@USCALE*ALSCALE+Q+lOO*/G
IF(NEH9VCGT01)  GO TO 198
IFIKOINTG,EQOO)  GO TO 201

c
c ENTER OVERLAY TO OBTAIN ELEVATION CHANGES ALONG OEPTH CONTOURS*
c

CALL CVERLAY(5Hl100ELg12,1)
G O  TC 207

1 9 8  0 0  1 9 9  I=IvNBV
Xx(I)=xX(I)
YI(I)=YYII)

199 EI{II=BVII)+OO(I)
GO TO 207

201 DO 206 I=I,N.3V
J=I@(I)
‘REA015, 2001X*N[J),XI[I)  ~YI(I),C)H
XXII)=XIIII
YY(I)=YI(I)
OH=DH/ESGALE
DO(I)=OH

2 0 6  EI(I)=9V(I)+DH
207 CONTINUE

IBP=ISLANO
NFLX=LANO
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NIEl?=ISLAND
c
c RESULTS FRO!+  SCLVER  ARE LISTED HERE,

IF(NE:{BV.GTO1}  GO TO 2113
CALL hHIN(OSTl

c
HRITE(6~Z5)
DO 21 I=l,NBY
BVV=Bti(l)~ESCALE
J=1311)
UH=O*
DP=CZPTH(J) *tlSCALE
CALL BYPASS(I,IYES)
IFIIYES,EO.1) GO TO 19
CALL MHCUT(DST, XI(IISYI(I),EDST)
EEI=EI(X)4ESCALE
DH=EEI-BVV
GO TO %21

19 EOST=OSO
EEI=BVV

121 IF(IPINTG,EOOO) GO TO 202
HRITE[7t200) IsN(J)sXIlI) gYI(I)~DH

202 CONTIKJJE
21 HRITE(5s30) 1sJ,N(J),3VVtOPSX  (J)~Y(J) tDST(I)tXI(I)~YI  (I)~EDST,EEI,D

*H
2 0 3  CONT:5UE

c
c THIS  IS R%=?= 7WE BOUNDARY ELEVATIONS ARE ALTERED ACCORDING
c TO T~.Z RESULTS ‘ZCY 5ZLVER0
c

CALL ALTER(XI,YI)
c
c THE NEH BOUNOARY  A R E  LISTCO  tiERED.b

WRITE{6,351
D O  41 I=I,NBV
J=I?(I)
BVV=9V(I)*ESCALE

41 HRITE(6~40)ItJ,N(J) sBVv
c

H:RE  THE NEH BOUNDARY VALU:S  ARE PLOTT50  U? AS A FUNCTION CF
: DISTANCE ALONG THE EOUtlDARYO
c
.
L

CALL 0VERLAYt5HHODELS  12,2)
c

5 FCRMA?I3F1O,2I
10 Fo2HaT(315*55x*  *TRIA.@?  15)
1 5  FC2NAT(I5?F1O.2)
25 FOkPAT(lHi**BFIDI  *~3X,*GL8  .*s3X**STAO*,4X,  *ELEVO*q6x**DEPTH*  ,5X$*EN

%T!?. COOR.  [OIST.)*,5XS*EXIT  COORO(OISTO  )**5X**EXIT  ELEV.**5X~*ELEV.
#CHNG.*,/)

30 FORtlAT(lH  s13,3X,14,3X,  13,5XtF6.2 t4X,Fb, 0t5XtF5.2~*tw  *F5s2,*(**F5.

#2,~)*V5X,F5.2W+ew~F5.Z**  (~~F5.2*@)*  s5X*FB,4}  7X9F8.J+)
3 5  FORHAT{*l*,+BNOO  N0,WV5X,+GLB.  N0,+*5XV+STA.  NO.+*5X9+NEH  ELEV.+,/

*)
4 0  FORMAT(+  •s15sBX~15*8Xs15s9X~F9.49

200 F0RNAT(215,  2F1003~2F10.41
2 0 5  F0R14AT  (F10,4*i5XsF~0,4)
2io FoRr.AT147x!Fio*4)
2 1 5  FoRHAT[Fi5*7)
2 2 0  FoRNAT(llx44Fio*4)
305 FORHAT( 1X,FIO.2SF1OO2,54X,I5 )
3 1 0  FoRkAT(2FlD*2)

END

386



c
c
c
c
c
c

c

c
c
c

c

E
c
c
c

c
c
c

OVERLAY  (HODEL,14,1}
PROGRAH  SLVBV
COH:’ON/IGFAC/IFLG,18EGIN,IENLl,NIBP,  NM
co!iP!oN/IIP/IP(3,350)
coHHoN/Ix/x(200}
coflKoN/IY/Y(200)
COf+flOtilICONST/CONSTlvCOXST2
cO~~cN/IoEpTH/oEpTF{2~o)
coHHoN/IALPHA/ALPHA{200)
COXt!ON/EOUND/IB(75)t8Vf  75)pNBV
COHXON/HIhO/TAUX,TAUY,CURL
CC!ItiCN/NUHB/NV2TXtNTRI>  NOINTGsIPINTG,NSH3V
coHHcN/IA/A(3,3)
coHxov/18/B(3)
COXHON/CUTOFF/IaP,NFLX,  Ji,J2,0EEP
COtit+ON/SChLES/USCALE,DSCALEo  ALSCALE,G,E,Q,GAMtIA,FO,  EDDY
coHHoN/LscoEF/sA(4)  ,s0(4)
COHNON/IHEIGHT/XI(100),YI  [100)
COf4HON/IRHS/OSTllflO),EI(100)

HERE NE E!EGIN BY IDENTIFYING EACH BOUNDARY POINT ANO ITS
VALUE. THEN H: ENTER  THIS INFORfiATION  INTO SOLVER HHICH SOLVES
THE FIRST ORCER  E2UATION  ANO RETURNS THE ELEVATION AT THE EXIT
PGIhT FCR THE DEPTH  INTEGRATED ALONG.
IS:ANJ=IBP

D: : I=l*h6tJ
J=~3(I)

INITIALIZE SOHE PARAMETERS

XI{I”)=O*
YI(I)=o,

NOTE TtJAT  IF WE ARE BELOW THE CUTOFF OEPTH,  SURFACE
ELE’JATIONS  ALGNG THE POUNDAY  HILL B E  C A L C U L A T E D  B Y  OELTA-D  S.
ALSIC  Ii HE ARE AT THE SHALLOH MATER  CUTOFF DEPTH, SOLVER NILL NOT
BE CALLED*

CALL PYPASSIIsIYES)
IF(IYEScEC,l)  G O  TO 7
Xx=x{.))
YY=Y(J)
Bvv=av[x)
CALL SOLVERIBVV,XX,YY,ELEV,X1  ,Y1,J,SAI
X1(1)=X1
YI(I)=Y1
EI(II=ELEV
IBP=ISLAND

7  CONTIhUE
ENO

OVERLAY  (HODFL,14,2)
PROGRAM TPLOT
COtiHON/IRHS/OST(100),EI  {100)
COtit!ON/SCALES#USCALE,DSCALE,  ALSCALE,G,E,Q,GA!IHA,FO,EOOY
coHHoN/eouNo/x9(75},Bv(75)  ,Nav
ESCLLE=FO*USCALE*ALSCALE+Q*I  00,/G
HRITE(6~45)

G5 FORHAT(iHI)
0 0  i I=l,NQ’I
BV(I)=BV(I)*ESCALE

i  OST(I)=OST(I)’lD,

CALL PRINTER PLOT RCUTINE
CALL FPLOT(E’J  ~DSTJNBVti,OslOa  0s2000s09,6?  2*-1,0)

0 0  2  I=I,NBV
2  BV(I)=BV(I)/ESCALE

END
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SUBROUTINE NEHBVAL
c
c
c

c

c

c
c
c

c
c
c
c
c
c
c

c

SUBROUTINE TO READ IN NEN BOUNDARY VALUES.

cot’tHoN/IRm/RHst200)
COHkON/@OUNO/IB(75),BV(  75),N9V
COMMONISCbLES/USCALE,OSCALE,  ALSCALE, G,E,Q,GAMHA,FO~  EDDY
CONPON/bIND/TAUX*TAUY,CURL
COMflON/CUTOFF/NI13PShFLX  ,NOHAT,JJ
EscALE=G/(Fo+uscALE’ALscALE’Q4100.  )

FORRAT(I5 ,F1O*4)
FoaPAT(3FlQ.b)

READ (5,1O)TAUX,TAUY,CURL
WSCL=FO+USCALE*OSCALE+Q*1OOOO.
TAUX=TAUX/HSCL
TAUY=TAUY/USCL
CURL=CURL/tHSCL-ALSCALE*lOOO  }

HE HAVE JUST REA2 IN NEH HIND STRESS VALUESO

CC i I=lsNEIV
l?::!l[5t5) IeN,:v[:)
EV{I)=BV(II*SS2GLE
CQMTIKUE

}: z H A V E  REL2 ::< ?*Z NEW BOUNDARY VALUES ALONG WITH THEIR BOUNDARY
NuMBERs,  T H E N  PROcEEDEO  TO NONOIMENSIONALIZED  THEtl,

“E NOH RETURN TO REASSEtlBLE THE RIGHT HANO SIDE AND USE THE NEkih
BOUNDARY VALUES. T H I S  IS DONE  BY SETTING NOtlAT=-1.

JJ=l

R:TURh
END

SUBROUTINE TRIAREA(AtAREA)
OXtiENSION  A(3t3~
AA=A(I,  1)*[A(2,2)*A(3,3)  -A(zs3)*A(3,z))

=-A(l,  Z)’(A(2Sl~@A13Q3)  -A(2s3)*A(3,1))
~~=A[i13}*(A(2,  fl*A(3t2  I-A12,2)*A(3s1))
AREA=*5*(AA+BD+CC)
RETURN
END

132
134
136
138
140
142
144
145
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SUBROUTINE SOLVE(&,B)
OINENSIO~  h[3,3),a(31,C(  3),X131
CALL TRIAREAIA,AREA)
DO 2 J=1,3
DO 1  1=1?3
K=J-i
IF(JoNEG1) A(I,K)=C(I)
c(I)=A(I,J)
A{I,J)=BII)

1 CONTINUE
CALL TRIAREA(A,XIJ))

z CCNTItiUE
A(i,3)=C(f)
A(293)=C(2)
A13,3)=C(3)
9[ll=X[l)/AREA
B(2)=X(2)/AREA
8{3)=x(3)/AREA

8 RETURN
END

SUfjROUTINE  GRAD [E,F*G,DX,DY,C)

SUBROUTINE TO CALCULATE GRADIENTS
E*F*  AND G ARE THE VALUES TO BE FILLED INTO THE D VECTOR
I)X,OY AND C AR:  THE SCLUTIONS  TO BE RETURNEO

coflncN/IAlA(3,31
COflNON/Ie/B(3)
B(i)=E
B(2)=F
B(3}=G
CALL SOLVE(A,9)
DX=B(l)
DY=B[2)
c=B[3]
RETURh
ENO

SUBROUTINE BETAi(YtlIN,YtiAx,FO)
c
c
c THIS SUBROUTINE CALCULATES THE tiEAN  CC210LIS  VALUE FoR THE REGION
c FO IS THE HEAN CORICLIS VALUE
c

0t4EGA=o OOO072722052
c

DEG=YtlIti
FO=Z,*(CMEGA)*SIN  IDEG)
OZG=YIIAX
FH=2.@(OflEGA)  *SIN[9EGl
FG=(Fc+F~)/2.
RETURN
END

146
!50
152
154
156
i58
160
152
: ,0 ,,

166
153
172
174
175
178
130
182
184
186
188

190
192
19k
196
198
200
202
204
206
208
210
212
214
216
2i8
220
222
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SUBROUTINE ALPHX{I,DALPHAX,DALPHAY,ALPHA,S,PLPH)
DIMENSION ALPH{3},ALPHA  !1)sS(l)
COt4tiON/IIP/IP{3s350)
coMrioN/IDEPTH/oEPTl+(200)
CCHHON/IX/X(i!OO)
cot’lt40N/IY/Y(2001
coMlloN/IA/A{3,3)
coHHoN/IB/B(3).

b
c “SUBROUTINE TO GET ALPHA AND DELTA GRADIENTS 8Y USING A THIRD 0!?0S2
c LEAST SGUARES  FIT TO THE ALPHA AND DELTA FIELOSO
c

J=IP(i,I)
K=IP(2,1)
L=IP(391)

c
ROEP=lDEPTH  (J)+OEPTH(K)  +DEPTH(L)l/3.

c
c CHECK TO SEE IF ALL THE DEPTHS ARE EQUAL
c

IF ICEPTH(J)  .EOOOEPTH(K).ANO,  OEPTH(J)  tEQ,OEPTH(L)~  GO TO 3
GO TO k

3 ROEF=DEPTH(J1
ALPH[l)=ALPHA(JI
ALPH[2)=ALPHA(K)
ALPH[3)=ALPHA(L)
GO TO 5

b CON:IKUE
c

IF DEFTHS ARE NOT EOUAL,  USE LSF FUNCTION TO GET ALPHA OR DELTA
E AT REFERENCE OEPTHO
c

D O  1 ?I=1,3”
N=XF(H,I)
DO=OEPTH(N)
DZ=RDEP-DO
01=3,*S(1)*DO*DO+2,+S(2)*OO+S[3)
0Z=6,*S(l)*DO+Z,@S(2)
03=6.*S[l)
ALPH(H)=ALPFA(N)+Ui*OZ+02*(DZ*OZ/2.  )+D3*[OZ*OZ*OZ/6.)

I CONTINUE
c
c RESET A, THE POSITICN  IIATRIX ANO GET HORIZONTAL GRAOIENTS
c

5 CONTINUE
A(l,l)=X(J)
A(I,2)=Y(J)
A(ls3)=i0
A(Z+l)=XIKI
A(.2*2)=Y(K)
A(2,3)=le
A[3,1)=X(L)
A(3,2}=Y(L)

A(3?3}=1D
c

CALL GRAO(ALPH(  1),ALPH(217ALPH13)  *OALPHAX,OALFHAY~CALPttA)
RETURh
END
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

:
c
c

c
c
c
c

c

:

SUBROUTINE

NAtlE:
PURPOSE8
ALGCRITHti3

~UTHOR:

USAGE!

LIHITSt

lNVR
LINEAR  EQUATION SOLUTION :HATRIX INVERSION)
GAUSS-JORDAN ELIMINATION, FULL PIVOT SEARCH.
SEE ANY NUtlERICAL  ANALYSIS TEXT FOR REFERENCE.
CRIGINAL  V E R S I O N ,  CIRCA 19669 AUTHOR  UNKNOHN.
RECO?IEOt  1 9 7 6 ,  RIt( lITTLEFIELO  (U.H.),  W I T H
STYLISTIC CHANGES ANO HINOF!  BUG CORRECTIONS (NO
ALGORITHH OR CALLING SEQUENCE CHANGES)
S E E  U , W A S H .  COllPUTING  INF!lRflATION  CENTER  OC!CUMENT
NUK3ER !400042  FOR FULL DESCRIPTION, BASICALLY,

A = INPUT: COEFFICIENT MATRIX?  LOGICALLY (N*N)*
PHYSICALLY IISIZESZ). OUTPUT:  A- INVERSE.

e = I N P U T :  R I G H T - H A N O  SIOE~  LOGICBLLY  (N~ti)*
PHYSICALLY (ISIZE?*la OUTPUTt  SOLUTION HATRIX.

OETERH  = OETERHINANT  OF AT D. IF B A P P E A R S  S I N G U L A R .
JSIZE = CURRENTLY UNUSEO, ORIGINALLY 2ND OXHS  OF A.

( 1 0 0 , 1 0 0 )  SYSTEriO CHANGE DIMENSION STATEMENTS FOR
LARGER SYSTEHS.

TI141NG9 0RCER(h~=3). TYPICAL .!+ TO .5 SECONOS FOR (20,20),
H=Ot USING 4RUN~ FORTRAN COMPILERS COC 6f+O0.

COMEENTSI THIS PARTICULAR ItlPLEJIENTATION  OF THE ALGORITHM IS NOT
THE EEST POSSIBLE - SEE ANY tiATH SUBROUTINE LIBRARY
[E.G.*  I?.SL}  FOR IMPROVED ROUTINESO

REAL AtISIZEi:}q  3(ISIZE~l)
INT:GER PIVOT(iGJ)t  I N O E X I 1 O O , 2 J
I N T E G E R  COLUltNt RCt4
DO 10 J = IsN
DETERR=1o

10 PIVOT(J)  = O
DO i30 I = l?N

●  + 4  FuLL  sEARcH FcR pIvoT E L E M E N T  (BRANcH ouT IF No NoN-zERo
●  + *  pIvcT  I s  FouNo)

AHAX = 0.0
00 30 Ii = l,N

IF ( PIVOI{I1).NE,O ) GO TO 30
DO 20 J = l,N

I F  ( PIVCT:J)ONESO  )  G O  T O  2 0
IF ( A3S(A(11,J)J  ● LEo AMAX ) GO TO 20

ROW = 11
COLUHN = J
AMAX = ABS(AII1*J))

20 CONTINUE
30 CONTIMJZ

IF ( AHAX ,EQo 0.0 ) GO TO 200
PIVOT(COLURN)  =  1

● V V  I N T E R C H A N G E  RoHs To puT  pIvoT ELEHENT oN oIAGoNAL

00112
00120
0013’)
C014S
00150
00160
00170
00139
00190
00200
02?:0
CL’2Z0
00230
09240
00250
00260
00270
00200
00290
00300
00310
00320
00330
00340
00350
00360
00370
00380
00400

00410
00420
00430
00G40
00450
00460
00470
00480
00490
00500
oo~lo
005Z0
00530
00540
00550
00560
09570
00580
00590
00600
00610
006Z0
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40

50
60

c
c
c

70

80
c
c
c

90

%00

ilo
120
130

c
c
c

IF ( ROH ,EQo COLUI!N  ) GO TO GO
DETERti =  -OETERE
00 40 J = l,N

SH3P = A(RCHSJ)
A(ROX,J) =  AICOLUMN,J)
A(COLUtlNSJ)  = SWAP

IF ( I’.LE.O  I GO TO 60
DO 50 J = l,ti

SHAP = B(ROH,J)
B(ROH,J) =  B(COLUtlN,J)
B(COLUMN,J)  =  SHAP

INOEX(I,i)  =  RCH
INDEX(I,2)  =  CoLuMN
PVTELtl  = AICOLUMN,COLUHN)
OETERti =  OETERN4PVTELM

**? NORpAL12E  pIvcT Row (DIvIoE  B Y  P I V O T  ELE!IENT)

A(COLUHN3COLUHNI  =  100
00 70 J = 1*N

A(COLUHN,J) =  A(COLUMN,J)/PVTELH
IF (“il,LEaO-)  GO TC 9 0
OC 80 J = lvfl

B(CCLUtiN~J) =  S(COLUflNSJ}/PVTELH

6++  REDUCE NoN-F~l;~: ROHS

cc 120 11 = 1,~
IF [ IIoEO.C3LGNN)  GO TO 12(

T =  A(Ii,cOLCflN)
A(113COLUHN)  =  0.0
00 100 J = i,N

-  AtIltJ) = A(Ii~J) - A’
IF ( HsLE,O ) GO TO 120
00 i10 J s ITH

B(IIsJ) =  B(IIsJ) - B
CONTItfUE

CONTINUE

COLUt4NeJ)4T

COLUHNpJ)wT

S*S Elimination DoNE,  I N T E R C H A N G E  coLutlNs  TO COHPLETE  I N V E R S E

00 150 J = l,N
L = N+l-J
IF ( INOEX(L,I)  ,EO,  INDEX(LSZ) ) GO TO 150

ROH = Ih!)EXIL*l)
COLUHN  = INDEX(L*2)
00 140 I = l,N

SNAP = A(IsRCM)
AfI,ROM) =  A(I~COLUMN)

i4u A(I!COLUHN)  =  SUAP
150 CONTINUE

RETURh
c “

c *+4 SINGULAR MATRIX  - ERROR EXIT
c

200 oETERP  =  0 0 0
RETURN
ENO

00630
00630
00b50
00650
00670
00630
00690
00790
OI371O
00729
00730
03740
00750
0!)760
00770
0i1780
00790
00800
00810
00820
00830
008b0
00850
00860
00870
00880
00890
00900
00910
00920
00930
00940
00950
00960
00970
00980
00990
01000
01010
010?0
01030
01040
01050
O1O5C
01G70
0:030
01090
Oilcc
01110
01120
o~130
01140
01150
01160
01170
01180

01200
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c

:

1

c
c
c

99
15
16
17

c
c
c

c
c
c
c
c
c
c
c
c
c
c
c
c
c

SUi!20UTINE  SUOOTH(VPLtS~D~SOtNPTSl
COtif!ON/XOEPTH/DEP(200)
OIflENSICN VAL(i)~S(l)

S U B R O U T I N E  TO StIOOTH  TH E  OATA  ACCOROIKG  TO  L E A S T  S Q U A R E S  F I T,

DO 1 I=l,NPTS
V=S(il*DEP(I}  *DEP(I)*CEP (I)+S121*DEP(I)  *DEP(I)+S  (31*DEP(II+s14)
DD=VAL{II-V
IF(CCloLT,-O)  00=-D*SO
IFIOD,GTcO)  OD=D*SD
VAL(I)=OO+V
CONiIhUE
RETUQK
END

SUBROUTINE SETtiAT(NVRTX,IFILE*MASl)
COHt40N/IHCRK/VALP(450D)
colltioN/ItJT/INTP(b500)
coF1l’loN/IRHs/RHst200)

THIS SUBROUTINE SETS THE IIATRIX  ANO RIGHT HAND SIOE TO O

IF(IFILE.Eo,l)  GO TO 15
0 0  9 9  1=134500
VALPII)=OO
INTP(I)=O
00 16 1=1,200
RHS(I)=OS
CONTINUE
NROH=NVRTX
NCOL=NVRTX
HSZ=4500

HERE HE TELL THE SOLVING ROUTINE THAT ME ARE READY

CALL HINIT(INTPsNROM~NCOL~HSZ,HASL)
RETURN
ENO

SUBROUTINE NORfl(ALPHA*OELTAsOEPTH,TAUX,  TAUY,CURL,NVRTX)
COHKON/SCbLES/USCALEtOSCALE+  ALSCALE9G*E*0,5AUHA,  F0,EDOY
DIflEt:SICN  ALPHA  I1},OELTA(l),OEPTH(I)
● **V*
SUBROUTINE USEO FOR NORMALIZATION OF STATION CATA
ALPHA IS DENSITY INTEGRATE VERTICALLY (Gt4/cII’*3)sH
OELTA  IS flLPHA INTEGRATED VERTICALLY (GtI/cH”*31*H**2
D E P T H  IS CEPTH [H)
TAUX AND TAUY ARE HINO STRESS  VALUES IN THE X AND Y DIRECTIOI,

HIhD  STRESS UNITS ARE OYNES/CH*CH
DSC6LE  IS THE OEPTH  S C A L E  (H)
USC5LE  1S THE HORIZONTAL VELOCITY SCALE {U/SECl
FO IS THE AVERAGE CORIOLIS  PARAMETER
Q ANO E ARE THE NEAN ANO PERTURBATION DENSITY RESPECTIVELY
NVRiX  IS THE NUMBER  OF STATIONS
● **+***
TO CALCULATE SCALE FACTORS
ALPH=E+DSCALE
OELT=ALFH*OSCALE
0 0  12 I=l~NVRTx
ALPPA(I)  =( ALPHA(I)+OEPTH(I)  ‘Q)/ALPH
OELTA{I)  =IOELTA(I)-ICEPTH  (Il+OEPTH(Il*Q)/20)/OELT
OEPTHII)=OEPTHII}/DSCALE

12 CONTItNE
c

STRESS=FO+USCALE*L’SCALE*lOOO  O.*Q
TAUX=TAUX/STRESS
TAUY=TAUY/STRESS
STRESS=STRESS/[lGOm=ALSCALEl
;:;WURL/STRESS

E NO

OPZQATC

49
50
51
52
53
Sk
55
56
57
58

59
60
61

64
65
66
67
68
69

76
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SUBROUTINE CARTSN(LAT  sALATtLONGtALONG,NVRTXtALSCALE,XXHhXs  YY!+AX,XH
vAXsYt+AX  *YtiINsXtY*RAOIUScXHIN)

OIHENSION  LAT(t),ALAT (l),LONG[i),ALONG(l)  ,X(l},Y(l)
CALL RADIANS(NVRTXtLATtALATV  LONG.ALONGSYHIN*XIIIN*YMAX,AVEL  ,X,Y!
CALL HERCTR(XSY,ALSCALE~NVRTX  sXHIN~YllIN,AVEL,RADXUS)
YYnAx=o.
XXHPX=O.
DO 16 I=i~NYi?Tx
YYfltX=AtlAXl(YY)iAX,Y  (I))
XXHAX=AHAXl  tXXtiAX,X  (1))

1.8 CONTINUE
RETURN
EtiO

SUBROUTINE RACIANS(NV~TX1LAT~ALAT~LONG~ALO~lGtYflIt4,XMINtYHAX,A';:L  ,X
V*Y)...~. THIS SUEtRCUTINE  CONVERTS OEGREES LATITUDE AND LONGTUOE  INTO

c RAOIA%SO IT ALSO RETURNS THE tlINItiUtt  LATIDUCZ  TO BE USED AS THE
c Y=O R:FERENCE  AND THE t4AXItiUtt  LONGITUDE(H) TO BE U S E O  1S THE x=a
~ REFERENCE. THE AVERAGE LATITUDE IS ALSO RETUQNED  s
~

DIMENSION LAT(I),LONG[l)  SALAT(l),ALONG(l)  ,X(l),Y(l)
RADIAt~=3B141492654/i80,
AVEL=Oa
DO 1 I=l,NVRTX
DEG=ALAT(I)/60*
ALAT(I)  =FLOAT(LAT{I))+OEG
ALAl{I}  =ALATII)*RAOIAh
AVEL=6VEL+ALAT(I)
DEG=ALoNG(I}#60*
ALONG(I}=FLOAT  (LONG(I)) tDEG

~ ALONG(I)=ALONG  (I}.WRAOIAN
AVEL=BVEL/FLOAT  (NVRTX)
YHIh=ALAT[l)
Xt41ti=ALCNG(l)
YHAX=ALAT(l)
Do 2  I=2*NVRTX
YHIN=AYIN1  (YHINsALAT(:: )
XHIN=bHAXl(XMINS  ALCRG{: ))

Z Yt4AX=~%AXlfYHAX  SfiLA7 :::;
RET(!E:~
E NO

sUBROUTINE WIRCTRtX~Y*ALSCALETNVRTX,XHIN,YHIN,AVEL,  RADIUS)
L
c THIS Subroutine 005S THE HERCATOR  TRANSFORMATION. THE DISTANCES
c ARE SCALEO  BY THE LENGTH SCALE{ALSCALE}  AND THE AVERAGE DISTORTION
c FACTOR SUCH THAT THE UNIT LENGTH IN X ANO Y IS APPROXIMATELY ONE
c HORIZONTAL LENGTH SCALE.
c

DItlENSION  X(l),Y(i)
RAOIUS=6378000C/ALSCALE*COSfAVELl
XSHIFT=XtlIN~RADIUS
ARG=YHIW2,+07853982
ARG=TAN(ARG)
YSHIFT=RAOIUS*ALCG(ARG)
IJO 1 I=l*NVRTX
X{Il=- {RAOIUS*X(  I!-XSHIFT)
Y{I)=RADIUS+ALOG  (TAN(YII)  /2*+07853982))-YSHIFT

1 CONTINUE
RETURN
END
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SUBROUTINE HESH
c
c HERE HE GENZRATE  THE HESHS
c

COtlHON/IHCRK/P(Z04,2),VERT  (402,6)
COHt40N/INT/ISIOEt607S21SITRI  (403,3)
cot4?40N/Ix/x(200)
coFtHoN/IY/Y(2no)
coMHoN/IIP/IP(3,350)
COHMON/NUPB/NVRTX*NTRI?LXST*hIBP*NEllBV
COflHON/BOUND/19(75)*BV(75)  ,NBV
COUHONICALCOHPIXXHAXVYYHAX,IST.$RT,NBC

c
0 0  101 I=i,NYRTX
P(I,l)=X{I)
P(I,2)=Y  [:)

101 CONTIhUE

c

c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

:
c
c
c

c

CALL TRIAK
DO 2 I=lstiTRI
ISI=ITRI(I!I}
IS2=XTRICIS2)
IS3=ITRX[I?3)
JPl=ISIDEIISi~l~
JP2=ISIOE[XS1,2)
JP3=ISIDE(IS2,1)
IF(JP:o  EQoJP300R01=?PEQ.JP3)  JP3=ISIOE(IS2,21
IP[ltI)=JPi
IP(2!I)=JP2
IP(3.I)=JP3

2  CONTINUE

RETURN
E N D

SUBROUTINE TRIAN

THE IhFCRHATICN NEED  TO RUN THE PROGRAM IS AS FOLLOX5*
A N  I N T E G E R  ARRAY  T HHICH KEEPS TRACK OF ttHAT TH2.5E SIOES  EhCH

T R I A N G L E  HAS. THIS tlUST BE A NTRI  BY 3 ARRAY 14HERE  NTRI  IS
THE tiAXI1’Ufl  hUH8ER  OF TRIANGLES EXPECTEO,

AN INTEGER ARRAY*  S* UHICH  RECOROS  THE ENOPOINTS  OF EACH LINE.
THIS MUST  f3E AN NSIOE  BY 2  ARRAY WHERE NSIOE IS THE tlAXIHUH
NUHSER  CF SIDES  ONE  EXPECTSO

NP, THE NU?iBER OF POIhTS ONE HAS,
NIBPT  THE NUH2ER  OF INTERIOR BOUNOARY  P O I N T S ,
A REAL ARRAY*  P* WHICH CONTAINS THE X ANO Y COORi)INATES OF EACH

POINT. THE X COOROIANTE  GOES INTO THE P(NP,l) POSITION
ANO THE Y COORDIANTE GOES INTO THE P{NP~2)  POSITION.
THEREFORE8 P IS AN NP BY 2 ARRAY NHERE  NP IS THE NUMBER OF
POINTS*

ALSC NEEO ARE  THO HGRKING A R R A Y S ,  VERT(NT,3)  ANO 1S(3)
VERT HILL STORE THE COORIOIANTES  OF EACH VERTEX OF EACH
TRIANGLES AS THEY ARE GENERATEOO IS MILL CONTAIN THE SIOES.

+svvv+wvWV+++?W++W+++W+VNoTE+  ++V+VV?VVW?+WV+WWWV6V

IF I N T E R I O R  BOUNOARY  FOINTS  ARE ENTEREO  ( ISLAND) ,  THEN THEY MUST
BE THE FIRST OATA  CARDS REAO IN AND THEY  HUST BE REAO IN
CLOCK UXSE  0R9ERe

THE EXTERIOR BOUNCA2Y  STATION NUHBERS  ARE REAO IN AFTER THE
X ANO Y COOF!O:NATES  OF EACH STATION HAS BEEN ENTEREO,  ANO
THE EXTERIOR  3SUkOARY STATION S ARE REAO IN COUNTERCLOCK
UISE OROES.

INTEGER S*T
OIHENSION  1S(3)
COHHON?lHORK/P(Z04*2)tVERT  (402t61
COHHON/INT/St607s2)STt403)3}
COtlHON/NUtt9/NP,NTOLIST~NIBPS  NEWBV
COHt40N/CALCOtiP/XHAX,YHAX,ISTARTSNBC
COHttON/@OUNO/IBt75)CBVt751  ,N13V
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c THE  FIRST STEP 1S TO FIND THE HAXIHUH DOHAIN cOVERfi O BY THE POINTS
XHIN=OO
YHIH=O.

.C
IF(XttIN. NE, X?tAX) GO TO 101
Xt!AX=P(i,  I)
XHIN=XHAX
YHAx=Pci!2)
YHIN=YflAX
DO 1 I=2,NP
IFtPtIsl),GT.XtIAX)Xt!AX=P{Ill  )
XF(P(I,  lleLT.XHI)!)Xt’It:=P  [1s1}
IF(PtI,2],GT.YtiAX)YFAY=PlI,2}.
SF[p(I,29.LT.yHIN)YPIN=p(I,2)

i CONTINUE
101 CONTINUE

c

c NON THE OUTER LIMITS ARE SET,.L
DX=(XtlAX-XtlIN)*. l
DY=(YHAX-YHIN)*.1
Pf201,i)=XHIN-DX
P{201,z)=YtlItl-oY
P(202tl)=xttAY+2x
P(2CZ,Z)=P(201,1)
P(Z03Sl)=P(20.2~11
P(203,Z)=YHAX+OY
P(204?1}=P(201,1)
P(ZC4,Z)=P(203,2)

c
c .NOH THE INITIAL POINT OF REAL DATA IS USEO TO FORM THE FIRST
c EIGHT  SIOES  AND FOUR T R I A N G L E S ,
c

S(1*1)=201
S(1*2)=202
S(2,1)=Z02
S(2,2)=203
S(3*i)=203
S(3,2}=204
S(4,1)=204
S[4~2)=201
S(5,!1=201
S(5*Z)=1
S(5,:I=202
S(E,?I=l
S (7,1)=203
S[7,21=1
S{8*I)=204
S{8,2)=1
T(l*l)=l
T(1,2)=5
T(1,3)=6
T(291)=6
T(2~Z)=7
T(2*3)=2
T(3,1)=3
T(3,2)=7
T(3!3)=fI
T{k,l)=4
T(4,21=5
T{4,3)=8
NS=8
NT=4

c
THIS FILLS IN THE INZTIAL VERTICES OF THE TRIANGLES

:
c NOR PROCEEO  TC LABEL  THE X AND Y COOROIANTES O F  T N E  T R I A N G L E S
c

00 z 1=1$4
2 CALL LOAOVER(VERT~P!S,T  *I)
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c
c THE Retaining POINTS ARE NOH ADDED ONE BY ONE
~

DO 6 I=2tNp
X=P(I,l)
Y=P(I,2)

c X AND Y 13ECOtiE  THE NEXT POINT TO BE ADDED TO THE MESH
c NON PROCEEO TC FINO OUT HHAT TRIANGLE X AND Y ARE IN
b

IFLAC=O
CALL INSIOEIVERTtX,YtNT,ITRI)

~
c ITRI IS N(IH  THE TRIANGLE THAT CONTAINS THE POINT I.
c

XF(IT!?IcEO.-2~  GO TO 6
IF(ITRI.NE,O) GO TO 102
HRITE(6*200)I

2 0 0  FORPAT(*O***POINT4?15** I S  N O T  I N  DOt4AIN*)
GO TO 6

102 CONTINUE
c
c
c
c

c
c
c

c
c.

c
c
E

c
c
~

c

HERE1  THE NEu TRIANGLESANO  SEGMENTS ARE ADOED.
HE BEGIh  BY LL9ELIN6  THE SIOES ANO VERTICES OF THE FIRST TRIANGLE,

IS1=T(XTRI,l)
IS2=T(ITRI,2}
IS3=TCITRI,3)
IP1=S”IS2V2)
IF1SlIS2,1 ).NEoS(ISl,il  .AND.S(IS2,1)  .NE.StISl,2)  lIPi=S{IS2,1)
IP2=SIIS1,2)
IF(S{IS1,l)  .NE,S(IS2,1)0 ANOOS(IS1,l)  ONE,S(IS2,2) )IP2=S(IS1,1)
IP3=S(IS1,2)
IF(IP3,E().IP211P3=S IIS1,1)

NOW  THE NEH LINE SEGMENTS ARE GENERATEO,

SINS+l,l)=IP1
S{NS+1*2)=I
s(Ns+2,f)=IP2
S(NS+2*21=I
S(NS+3,11=IP3
S(NS+3,2)=I

NOH  THE NEM TRIANGLES ARE CREATEO

TIITRI~l)=ISl
T(ITRI,2)=NS+2
T(ITRI,3)=NS+3
T(NTti,l)=IS2
T(NT+1,2)=NS+1
T(NT+1*3)=NS+3
T[NT+2,11=IS3
T[NT+2*2)=NS+I
T(NT+2,3)=NS+2

N9’A THE VERTICES OF THE NEH TRIANGLES ARE LOCATED.

CALL LOADVER(VEf?T,P,S~TOITRI)
II=NT+l
CALL LOADVERIUERT.POS,T,II)
II=NT+2
CALL LOAOVER(VERT,P,S,T,II)

NOH THE, NUHBER  Ci TRIANGLES AND THE NUMBER OF LINES A?E UPOATEO.

NT=NT+2
NS=NS+3
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c NOM  THE TRIANGLES THA7 SHARE SIOEs,  IS1OISZS AND Is3 ARE EAcH
c CHECKEO  FOR POTENTIAL REORIENTATION,
G

1S{1}=1S1
ISlZ~=IS2
1s(3)=1s3
DO 5 J=1B3

c HERE TO FINO  THO NEIGHBORING TRIANGLES.
c

CALL SSIG[IS(JI,T*JT$*JT2*N7)
c
c NOM 7: 2R9ER THE Fi:~ “2= TR~ANGLES*
c

XFtJT2.EQmO)  GO TO 5
JS1=IS(J)
JP.l=S(JS1,ll
JPZ=S(JS1J21

L
0 0  3  K=1v3
JSTl=T(JTi~K)
JST2=T(JT29K)
IF(S(JSTlsl),EQ.JpiDANOSS  (JsTi*2~oNE.  Jp2}JSa*JS7i
IF(s(JsTlt2) .En.JPt*ANooslJsTi  $tY.NE.JP2) Js2=JsTl
IF(S(JST1*l)  .EQ*JP2*AND*S(JS71*2)  •N~*Jpl)Js3=JsTl
IF(S(JST1,2) .EQ.JP2.AND.S  (JST1,l) .NE.JP1)JS3=JST1
IF (S (JST2,1), EQ,JP1.ANOOS  (JSTZ*2)  .NE,JP?)JS4=JST2
IF ls(JsT2f2) *EQ.JP\QAho*  s(JsT2tl) *NE.Jp2)Js4=JsT2
XF(S(JST291)  .EQOJP2.AN0.S(JST23  2) oNE*Jp1)Js5=JsT2
IF IS(JST2,2)  CEQ*JP20ANO0  S(JST2,i) mNE,JPl~JS5?JST2

3  CONTItWE
c

“JP3=S(JS3+1)
IF(UP3*E0,JP21JP3=S(JS3  ta)
JP4=S(JS5,1)
IF(JPh.EOOJP2)JP4=S  tJS5 t21

c
c
c

c T H E  TRIAhGLES  ARE NOH CHECKEO  T O  s E E  IF THEy FoRH
c A CONVEx REGICNO
,-

x1=P(JP4,1)
Y1=P{JP4s2)
XZ=P[JP3sl)
Y2=P(JP3~2)
x3=P(JPl,l)
Y3=P(JP1?21
x=P(JP2tll
YsP(JP2,2)
CALL INNERfXl*YIS  X2*YZ,  X3SY3*X*Y11c)
IF(IC.EQO1)  GO TO 5
x 3 = x
Y3=Y
X=P(JP1?IZ
Y=P(JP1,2)
CALL INNERlXl~YltX2*Y2~X3SY3*X*YSIC)
IF{ICOEOO1) GO TO 5

c
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NOH CHECK FOR BOUNOARY  SEGMENTS. .
c

331

332
307
308

431

432

c
c
c
c

17

10
16

9

13

15
14

15

11
12

IF{JP3sGTo20000RoJo%.GT*200)  GO TO 5
IF(JPioGT.200,0R.Jpi,2T*200)  GO TO 4
00 307 KJ=l,NeV
Ki=19t<J)
IF(JF2CNE.K1,AN3,J=20S4EOKI}  GO TO 307
IHORE=GJ+l
X,LESS=KJ-1
IF(ILESS.EO.D)  GO TO 331
ILESS=IB(ILESS)
IF(JP1o EQoILESS.OROJP2.EQ.ILESS) GO TO 5
CONTIt.UE
IF(IHCREOGTQNBV)  GO TO 332
IHORE=19[It10RE)
IF(JPIcEOOIHOREOOR,JPZ.EQ.  IHORE)  GO TO 5
GO TO 308
CONTINJE
CONTINUE
DO 309 KJ=1,N8V
K1=IB(KJ)
IF(JP3,NEoK1.  ANDoJP4,NE.K1) GO TO 309
IHOGS=KJ+l
ILESS=KJ-1
IFIILESSeEQoOl  GO TO G31
ILESS=IB(ILESS)
IF[JP30EOOILESSCOR,JP4,EQ.  ILESS) GO TO 4
CONTIAUE
IF(IF!CRE.GT,NBV)  GO TC 432
IHORE=I13[IHCRE}
IFt Jn30EOoIt10RE.0R,JP4,EC, IMORE) GO TO 4
GO TO 311
CONTINUE

IN TtiIS SECTICN?  THE FLAGGEO TRIANGLES ARE ELIMINATED AND THE
LIST COHPACIEO. THE BCTU.4L NUtlBER OF TRIANGLES REHAINING  IS
RETURNEO AS NT.

T(NT*l,l)=O
ITOP=NT+I
IBEGIh=l
DO 10 I=IeEG?K,ITOP
IF(T(I*lIoNEoO)  GO TO 10
GO TO 16
CONTILUE
NEXT=I+l
DO 9 J=NEXT,ITOP
IF(T(J,l).NE.0)  GO TO 13
GO TC Ie
INTV=J-I
ITOF=ITCP-INTV
DO 14 K=I,ITOP
t_=K+INTV
00 15 H=I*3
T(K,H)=T(LoH)
CONTIhUE
IBEGIF=i+l
GO TO 17
CONTIIWE

CONTI&UE
NT=I-i
RETURh
END
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SUBROUTINE LOADVERtvERTOPtSSTtX}
INTEGER Sf607~2),Tc403,3)
StJTEGER  Pi,P2vP3,Sl,S2
OIMENSION  VERT(402,  6}SP1204~21
SI=T{I,l}
SZZT(I,Z)
Pl=s(sl,l)
Pz=s[sllz)
P3=S(S2*1)
XF{F3.E0.PIOOR9P3.EO0  P2) P3=S{S2VZ)
bfERT(Iti)=P(Pisl)
VERT(I*2)=P(PZ,1)
VERT(I*31=P(P3,L)
VERT(194)=P{P1*2)
VERT{IS5)=P(P2~2)
VERT(I,6)=P[P3,2}
RETURN
END

SU13QOUTXNE  INhERlxi*YisX2*YZ?X3SY3S  X?Y*XC)
DIHENSICN  A(3s31
GALL  LOAD(AVXI,  Y11XZ*YZVX3,Y3)
CALL TRIAREAIA*AREA)

.IF(AREAoEQoO,)  GO TO 8
CAL!-  LOAO~AtXsytx2tyZsx3ty3)
CALL TRIAGEA(AtAREAi)
CALL LOAD(AtXi,Yi,X,Y,X3SY31
CALL TRIAREAIAtAREAZ)
ARE&l=AREAi/~EEA

IF(AREAieLT.O.)  GC TO 10
IF[3F!EAI.EOOI)  GO TO 9
AREA2=AREA2/AF4EA
IF[AREA2sLTcOO)  GO TO 10
IF{AREA20EO01)  GC T O  9
AREA3=le-AREAl-AREA2
IF(AREA3.LT.O.)  GO TO 10
lF[AREA3.Etlol)  GO TO 9
Ic=l
RETURN

10 SC=D
RETURh

9 CONTINUE
IF(XI.ECOXI  GO TO 11
IF[X2,E2.X)  G O  TC :2
XF(X3,EOCX)  GC T’C :?
GO TO :3

11 IF(YI.Z2,YI GO TC tk
GO TO 10

12 IF.(Y2eECSY) GO TO 14
GO TO ID

13 IF(Y3.ECOY}  G O  T O  1 4
GO TO :0

14 Ic=-1
RETURN

8 CONTINUE
Ic=z
RETURN
END
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SUBROUTINE XNSIOEtVERT~X~Y,NT*IPTRI  }
OIfIENSICN  VERT(402SE)
00 1 I=l?NT
IF(AHINitVERT(I,l)  ~VERTII  s2)~VERT[I  03)}OGToX}  GO TO i
IF(AliAXltVERT  lISi)OVERTlI~21  0VERTtIS3))oLTcX)  GO TO 1
IF(aflXNl  lVEET(I*4)*VERT~  I*5}tVERT [I~6))*GT.Y)  GO TO 1

XF(AHAXltVERT(I*4)  ~VERT(  I,5~*VERT(Is6)  )SLToYl GO TO 1
CALL INNER(VERT  (I,l)*tERT(I*fI)  BVERT(I*Z),VERT  (I,5),VERT  (I,31,vERT(

VI*6)?XSY91C)
IF(IC,E13,1)  GO ?02
IF(ICSEO*-1)  GO TO 3
IF(ICSEQ.2)  GO  T O  4

1 CONTIhUE
MRITE(6~5)X,Y

5 FCREAT(60***POINT*,2FB.2*2X,*NOT  IN ANY T R I A N G L E * )
IPT!?X=O
RETURK

2  IPTRI=I
RETURN

3  IPTRI=-2
HRITE(6tio)x*YtI

1 0  FORP.AT(*09**HE  H A V E  A  9UPLICATE  POINT*~2F802,15)
RETURh

k IPTRI=X
RETURN
END

SU!3ROUTINE LOAOtASXl~YlSXZ~Y20X3,Y3}
OIHENSION  A(3?3)
All?l}=xl
A(1V2)=Y1
A(103)=1.
A(2s1)=X2
A(2q2)=Y2
A12~3)=i0
At3vl)=X3
A(3*21=Y3
A(3*3)=1,
RETURN
ENO

SUBROUTINE CHKA(ITRI~VERTtIFLAG)
01t4ENSICN  VERT[402S6)SA(3,3)
xl=vERT(ITRI,I)
X2=VERT[ITRX$Z)
X3=VERT(ITRI?3)
Yi=VERT(XTR1T4)
Y2=vERT{1TRX,5)
y3=vERT(ITRI,61
CALL LOAO(A*X1,Y1,X2,Y2VX39Y3)
CALI. TRIAREAIA,AREAI
IF(AREAoEQ,O.IGO  TO t
IFLAG=G
RETURN

i IFLAG=i
RETL!F.>:
END
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c
c
c
c
c
c
c
c
c
c

c
c
c

c
c
c

c
c
c

c
c
c

SUBROUTINE SHEEP(PsS*T*NTOITIHE*NIBpj

THIS SUBROUTINE SUEEPS THROUGH THE TRIANGLES AND COMPARES
NEIGHBGRS FOR GOCONESS,

P IS THE POINT ARRAY AS DESCRIBED IN TRIAN.
S IS THE SIDE ARRAY AS OZSCRIBEO IN TRIAN.
T IS THE TRIANGLE AliRAY AS OE$CRIBED  IN TRIAN.
ITIHS  IS A COUNTER TELLING US HOH MANY TRIANGLES HAVE BEEN CHANSEO
NIBP IS T H E  NUtlBER  CF INTE.?IOR  BOUNOARY  P O I N T S *

INTEGER S(607,2},T[403*3}
COHflON/BOUND/IB(75)~BV(75)  sNBV
DIHENSICN  P[204*2)
ITIEE=D

HERE  THE SMEEP  B E G I N S ,

D O  100 I=lsNT
0 0  2  J=lv3

BEGIN BY EXAHINING  THE J SIDE OF TRIANGLE I

IS=T(ITJ)

HERZ  HE LOCATE TnE :&: NEIGHBORING TRIANGLES THAT HAVE SIOE ISO

PRCCEED  TC CODE THE POINTS  OF THE NEIGHBORING TRIANGLES.

JPi=S(ISvll
JP2=S(IS?21
ISi=TtJTiSl)
IF(ISCEQOISi)  ISi=TtJTiS2)
JP3=stIsl*l)
IF (JP3*EQoJP200RoJP30EQoJPI)  JP3=S{XS1,2)
ISI=T(JTZ,l)
IF IIs.Eo. IslIxsi=T(JT2?2)
JPft=S(ISl,i)
IF[JP40EOOJP200R.JP40EQsJpil  Jp4=SlTSlT2)

NO’rl  CHECK FOR CONVZX  TRIANGLES*

Xi=P(JP4,1}
Yi=P(JP4~2)
)(2=P[JP3,1}
Yi?=PlJP3,2)
x3aP[JFJI,l)
Y3=PIJP1,2)
X=P(JP2si)
Y=P(JP2*2)
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c

c
c
c
c

c

3 3 1

3 3 2
3 0 7
3 0 8

431

.432
3 0 9
311

c

:
c

CALL INN”ER(XltYitX2tY2~X3tY3tXsYt  XC)
IF(IC.EOOI)  GO TO 2
X3.X
y38y
)(sP{JP1,l)
y=pcJPi,2)

CALL INNER(Xl*Yl,X2VY2vX3vY3  ,X*Y,ICI
IF{XCOEQal)  GO TO 2

NOH CHECK FOR BOUNDPRY SEGMENTS

IF(JP3,GT0200,0R.JP4.GTo  200) GO TO 2
IF(JP1oGTo2CDSOR9JP2.GTO2OO) GO TO 4

00 3 0 7  KJ=1*N9V
K1=IB(KJ}
XF(JPl,NEOKisAN0,JP2,NEoKi)  GO TO 307
ILESS=KJ-I
It40RE=KJ+l
IF~ILESSOEQ.0)  GO TO 331
XLESS=18(ILESSj
IF(JP1o EQ, ILESS,C?,JP2.EO, ILESS)  GO TO z
CONTINUE
IFIIYCRE.GT.N9V) 5; TC 3 3 2
IHC2E=IB(IHC2EJ
IF::~l. EO.IHOEE.  C2.J?20E0. IHORE}  GO TO 2
GC :~ 3 0 8 .
CO!iTItWE
CONTIhUE
00 ?~9 KJ=lsNBV
K1=19{KJ)
IF(JP3.NE,K1oANDoJP4.NE.K1)  GO TO 309
ILESS=KJ-1
IHORE=I(J+I
IFIILESS,EOafl)  GO .10 431
ILESS=IB(ILESS)
IF[JP3. EQeILESSoOR.JP4,EQ.ILESS}  GO TO 4
CONTIhUE
IF(IF!ORE.GT,NBV}  GO TO 432
XMORE=IB(IMORE)
1F(JP3.  EQ.I?IORE.OF!.JP4,EQ.IHORE)  GO TO 4
GO TO 311
CONTINUE
CONTIhUE”
CONTINUE

NOM PROCEEO TC CALCULATE ANO COHPARE THE GOODNESS OF THE
NEIGHBORING TRIANGLES.

GI=GoOD  (JPItJP2sJp3sP)
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GZ=GOOD[JP1!JP2SJP4,P)
G3=GOOO(JP1,JP3*JP4*P)
G4=GOODlJP2,JP3  VJp4wp)
Gh’=AtiINl(G3,Gb)
IF(G1.LT,GHI  GO TO 4
IF{GZ,LTSGH)  Go T O  4
GO TO 2

G CONTINUE
c
c T H I S  I S  HH:E5  THE SHITCHING  O F  T H E  TRIANG E S  H: 00~E,
c kHE BEGIN 9Y LABELING THE SIDES  FOR I ENTIFICATIONO
c

JS1=IS
s(Jsi#i)=JP4
S(JSi,2)=JP3
D O  200 K=Is3
JST1=T(JTISK)
JST2=T(JT2*K)
IF(S{JSTI,l)  *EQ*JPI*ANO.S{JSTIS2)  ,NE,JP2)  Js2=JsTi
IF(S(JSTI*2)  .EO.JP1*ANO*  S(JSTISI)  .NE,JP2)JS2=JST1
IF(S{JSTISI )OEQDJF20ANOCS  (JSTiT2),NEoJPi}  JS3=JSTl
IF(s(JsTi!2)*Ea.J920AND*s(JsTi*i)  .NE.JPi)4s3=JsTl
IF(S(JST2,1)  CEQ,JPI*AND.S(JST2,2)  .NEeJP2)Js4=JsT2
IF(S(JS12,2)  OEQQJPL* AN0,S(JST2?I)  ,NE,JP2)JS4=JST2
XF(StJST2~l)  OE20J=2s:NDOS  (JST2,2)  ONE,JPI)JS5=JST2
XFtS(JST2~2)Q  ECoJ:20ANoo  S(JST2~I) oNEoJpI)JS5=JST2

zno CC?i71hUE
c
c
c NOH THE TRIANGLES ARE ALTEREOC
c ANO THE CHANGEO  ~ECORDEOo
c

T(JTi,i}=J~i
T(JTi$2)=Js2
T(JTI?3)=JS4
T(JT2,1)=JSI
T(JT2*21=JS3
T(JT2t3)=JS5
ITIPE=ITItlE+l
GO TO 100

2  CONTIhUE
100 CONTXhUE

RETURN
ENO

c
c

1601

621
6 2 2

c

SUBROUTINE FINOBPtIB,XP,IBTRI~NTRX,NBV}
DIMENSION XB(i),1P(3sl)  s16TRX{il
THIS SUBROUTIA?  CALCULATES THE NUMBER  OF
ANO ORDERS THE BOUNQARY  POXNTSD
00 1 6 0 1  AIN=l,KTRI
19TRI(HNI=0
1)0 622 K=isNBv
0 0  6 2 2  J=i,NTRI

DO 6 2 1  1=1,3
IF(IB(K) oKEoIpfI*J)) Go To 621
IeTRIIJl  =IBTRX(J)+l
1281BTRICJ)
NUI{=IP(X2*J)
IP[12?J)=IP(I*J)
IPIIsJ)=NuM
GO TO 622
CONTINUE
CONTINUE

POINTS IN EACH TRIANGLE
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c THIS SECTION CHECKS iG SEE IF THE BOUNDARi  TRIANGLES AND NUN9ERING
c SYSTEH ARE  COtiSISTEST
c

D O  E33 J=lwNTRI
NUM=IETRI{JI-2
IF[tLL!H)  633~E34~fk5

63b 0 0  5?? K=IsNBV
IF(13[Kl,NE.IP  1i,Jl; GO TO b37
SJ=K+l
IF{15(IJ),EQ,IP  [2,J)) GO TO 633
IF(IP(isJ) mEQcIB(l),ANDmIP(2  sJ)oEQ*IBINBV)’)GO  TO 641
D O  734 t!=IJqNEV
XF(IBIH),EQ.IP (2,J)) GO TO 756
GO TO 734

756 IBTRI(JI=O
GO TO b33

734 CONTINUE
D O  736 H=ltNBV
IF(IB(H).  EO.IF13,J))  GO TO b40

736 CONTIhUE
GO TO 635

6 4 1  CONTIhUE
NUH=IP(lSJ)
IP(1?J)=IP(2,J)
1P(2*J)=Nutl
GO TO 633

657 CONTINUE
6 3 5  IBTRI{J)=5

c
i’ IBTRI{JI=5 INCICATES  THAT NO BOUNDARY
c TRIANGLE EVEN THOUGH XBTRI  HAS OVER 2
c

FUNCTION GOOD  (JP1,JP21JP3,P)
DIIIZNSION  AL{3),P(204,2)
DIMENSION X(2)sY(2)
x(lI=P(JPIsI)
XIZ)=PCJP2S1)
Y(l)=P(JP1,Z)
Y(21=P(JP2~21
AL(lI=ALENGTH{X,Y)
X(2)=P(JP3,1)
Y(2)=P(JP3,2)
A1.(21=ALENGTH(X~Y)
X(l)=P(JP2tl)
Y(1)=F{JP2$2)
AL 131=ALENGTH(X*Y)
AlH=AL{l)
1=1
DO 2  J=ZV3
IF(AL{J}.GToALH)  GO TO 1
GO TO 2

i I=J
ALH=AL[J)

2  CONTIhUE
RLL=to
Do 3  J=193
IF(JsNE,I)RLL=RLL*AL  IJ)

3  CONTItiUE
GOCC=?LL/ALH
RETk=h
END

POINTS UERZ  FOUND IN THS
ORIGINALLY
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SUBROUTINE ELIttt  IBTRIsIP*XtYtNTRI)
DIN5NS1CN  XBTRI[ll tIP[3,1)tX(i)tY[1  )
CO!4MON11AIA  (3,3)
COHEONf18/R13)
cot’!koN/INT/IsuH(300),IPRoD(300)

c
c THIS SUBROUTINE ELIMINATES TRIANGLES OUTSIOE OF THE 00tIAIN
c

D O  662 J=i,hTFI
IFIIaTl?IfJ).LT*2) G o  To 66?

6 6 3  NN=Ip(l,J)
ti=IP(2$J)
L=IF(3,J)

664 DX=X[t4)-X(NN)
OY=Y[ti)-YINN)
DS=([DX*+2+  )+(OY+Q2,)  )*%95
Dcosx=oYfos
OCOSY=-OXIOS

6 6 6  A(l,i)=X(L}
A(1,2)=Y{L)
A[1+3)=1o
A(2*I)=X[NNI
A[2?2)=Y(NN}
A(2J3)=1o
A(3,L1=X[P)
A(3,21=Y[ti)
AI3?3)=1o
B(II=l*
6(2!=1.
B(3}=?*
CAL!. SOLVE(AtB)

“667 -OX=X(NNI  +0.5*GX+O*OI*DS*DCOSX
OY=-Y(NN)+FD5*DY+O*1*OS*DCOSY

6 6 2

2 6 2

2 7 2

6 7 6

6 7 4
6 7 7

64;

7 3 7

0S=F![1)*DX+B[2)  *OY+B(31  ‘
IF(DSOLTeOl  GO TO 662
IBT:I(J)=6
CONTIKUE
I=NTRI
D O  E74 J=ltNTRI
IFIIBTRI(J)4NE06) GO TO 674
IF(JoEQoI) GO TO 677
1s1-1
DO 6 7 6  K=J1l
L=K+l
IBTRItK}=IBTRX(L)
IP(i~Kl=IP(l*Ll
IP[2,K)=IPt2,Ll
IP(3*K)=IP[3,L)
IBTEI(NTRI}=O
IF(18TRIIJ)cE0.6}  GO TO 272
CONTItdJE
NT!?I=I+l
DO 802 I=lwNTRI

GO TO 633
00 649 K=1oN9V
IF(IB(K)oKE.IP(lsJ~~ GO TO 649
I.I=K+l
IF(IBtIJ) QEOCIp[2*J)  t Go To 65i
KK=NBV-i
IF{IPtisJ) sEQ,IBIiloANOO  IP(Z,J).EQOIB(KK}I  GO TO 735
0 0  7 3 7  li=XJsN?v
IFIIB(H)  *EOOIF(2,J)}  GO TO 651
GO TO 635
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7 3 5  CONTIhUE
IJ=N13V-1
IF(IE(IJI  sNE.IP(2,JI)  GO TO 640
IF(IB(NBV1ONEoIP  (3~J))  GO TO 640
‘NUH=IP[lTJ)
IP(1*J)=IP(2$JI
IP(2~Jl=IP(3,Jl
XP(3tJ)=NUtl

649 CONTINUE
GO TO 633

6 5 1  IJ=K+2
IF(IB{i) sEOoIPt3~Jll  G O  T O  6 3 3
IF(IB(IJ),EQeIp (3,J}) GO TO 633
IFIIFttsJ)  oEQcIB(l}oANOoIP[3  ~J)eEQBIBINBv))  GO TO 7 3 9
D O  852 R=IJsNgV

852 xFtIs{H) *Ea*IF13*Jli  Gu 7 0  7 4 3
CO ?2 6 3 5

7 4 3  19TRICJI=3
GO TC 6 3 3

7 3 9  IF(IBINBV), NEOIP(3,J))  GO TO 6b0
NUH=IP(lSJ)
XP(1SJI=IP(3*J)
IP(35J)=IP(Z*J)
IP(2*J)=Nut!
GO TO 633

6 4 0  IBTRI(J)=4
c

6 3 3  CONTINUE
c
r IETEI(J)=4 TNCICATES  THAT THE BOUNDARY FOINTS  WERE NOT IN SEQUENC5

RETURN
END

SUBROUTINE BYPASS(I,IYES)
coMfloN/BouNo/Ie(75)  ,BV(751,NBV
COt4t40N/CUTOFF/NIBp*hFLX  sJJ13JJ2*DEZP
COHtiON/ICEPTH/0EPTH(200  )
IYES=O
J=IBII)

IFtOEFTH(J)  .LEoDEEP)IYES=l
NF=$FLX+N13P
IF(IoLEoNF)  IYES=l
RETURN
END

ISUP(Il=IP(l,  Ji+Ip(2tJ)+IP  (3,J)
602 XPROD(II=XP(1*JJ*IPC2?JJ ● I P ( 3 1 J )

ICOUNT=O
8 0 7  IENO=NTRI-ICOUNT

D O  804 I=I,IEND
IFIISUH{I)c NE.ISUHIIEhO)  ) G O  T O  Bo~
IFIIpRODII) .NESIp~OOIIENO)  )  G O  T O  804
IF{I.EQ.IEND} C O  T O  804
ICOUNT=ICCUNT+l
GO TO 807

BO% CONTIWE
N T R I = N T R I - I C O U N T
RETURN
END
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9

c
c
c

9

8

1 0

SUBROUTINE UHOUTIDSTsXlt  Yls EUST)
CO?!  PCN/BOUND/XB  175)  *BVt75)  sNBV
CONFOti/1%/Xt200)
con$!oN/IY/Y  (2001
DIN:t.SION  OST(i)
CALL WHEREtXlsYl,Jl*J2)
12=Ig[J;)
AOO={[X~12}-Xl} =-2.+tV:IZt-Yil ‘s2.)4+.5
EOST=CSTtJlt+AQD
RETui?S
ENO

SU31?OUTINE UHINIDST)
COHHON/EOl!NO/IB  (75) tBUt75)*NBV
ccHNoN/Ix/x(200)
co~~oN/Iy/y(20fJ)
DIHENSICN  OSTti)
OSTtil=O,
0 0  9  X=2eN@V
J=Ig(I)
L=I-l
K=28[L)
DT=l[X(K)  -X{J)}+~2.t  (YtK)-Y(J] )-+2.)@~,5
DSTtIl=DST(L)+OT
RETURN
ENCl

SUBROUTINE GUESS(X1SY1OJ1,JZ*ELEV)
coHl!oNleouND/IB(75J  *BV(75J 9Nav
CCMYON/IX/Xt200)
COtii?ON/IY/YtZOO)
CCHPCN/NUH9/NVRTX*~TRI~LISTs  IPUNCHtNENBV
IIzIB(J1)
12=I~[J2)
DSi=[tX(111-Xl)**2a+(Yt  111-Y1)4*20)+*,5
0s2=t(x112)-Xl)*S2,  +\Y(12)-Yl)  **2.1*+.5
9s=0.51+0s2
ELEV=tDS2/0S)*9V(Jl)t(OSl/DS}*BVtJ2)
RETuRh
END

SU3ROUTXNE ALTER(XI*YII

THIS RCUTINE  ALTERS THE OLD BOUNDARY COtiOITONS,

cOHRONJXRHS/OST(iOO)tEI  (100)
CO!iXCN/10EP7H/i)SPTHt200)
COHHON/eOUND/IB(75)eBV(751  ,tlBV
cOt4KON/IX/X(2001
COMtfON~IY/Yf2001
COflRON/NUM/NUZTX,NTRI~LISTp  IPUNCH~NEUBV
COHtfON/CUTCFF/NIeP~NFLX*Jl,J2
DIHENSIGN  XI(l)?YI(l)
DO 10 I=iwNBV
CALL BYPASStI~IYESJ
IF{IYESOEO,I} GO TO iO
OH=EI(I)-BV(I)
CALL MHCUTtDST,Xl(I),YI  tI),EUST)
IFtEOST.LT.DST  II}) GO TO 10
CALL HHERE(XI(l)  cYX{Il?JitJ21
CALL GUESS(XIflt  sYI(I)tJfsJ2,ELEV)
BV(I}=ELEV-DH
CONTIFUE
RETl!Rb
END
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S u b r o u t i n e  BTH(Xl,X2?Yi~YZ,X,Y,XYESl
XF(AHAX1(X1,X2)  OLTOX)  GO TO 1
IF(At!INl tXlsX2)aGTOX)  GO TO 1
IFIAtlAXi  [YltYZ)QLT*YJ  GO TO i
XF(AHIN1[Y2  *Y21*GT.Y)  G O  T O  i
IYES=l
RETURN

1  IYES=O
RETURN
ENO

SUBROUTINE NHEREIX1*Y1SJ1SJ2)
COHHON/IGRAD/IFLG,IBEGIN~IENO~N19PttlH
COt4kON/IX/X{2001
COXHON/IYJY{ZOO)
coHNoN/aouNc/Ia(751*av[75)  ?Nav
CONMONINUPB/NVRTX#NTRIe  LIST~IWNCHvNEHBU
I=NIBP+l
I1=IB(I)
I=IB(NBVt
CALL BTH(X(I) !X(Ill,YII)*Y(Il)  ,X1,Y1,IYESI
IF(IYESCNE.1) GO TO 1
Jl=N9v
JZ=NIBP*l
aETURN

1 ISTCP=NEV-1
00 2 I=i~ISTOP
J=I+l
KixIB(I)
KZ=XB(J)
CALL BTM(X{KL  I,X(K2),Y{K11,Y (K2J ,XI?YIIIYES)
IF{IYESOEII.CO)  GO TC 2
J1=I
J2.;
RET2:Y

2 CONTINUE
HRZTE(6*IOIX1*Y:

1 0  FO~Y3Tl*O~t  2F10t2S:X  **NOT  ON BOUNOARY*)
RETu2N
END

SU9?OUTINE  INTG(Xltyl*x2*Y2~ELEVi,ELEV2S  ITR19SA~OP)
OIHENSICN  SAli)
coEPoN/IALpl+A/ALPHA1200)
COtifION/HItiO/TAUX*TAUY~CLJRL
COHHON/XCCNST/CONSTl,CONST?!
cotiHoN/IIP/IP(3,350)
IFt X10EaOx20ANO*YiOEQoY2)  GO T O  1
0S=((X1-X2) *-2.+(Y1-Y21  **2.)4*.5
C A L L  JACOE(ITRI?  OOX,ODY,AJ,SA)
CALL QOON(X1,Y1,X2,YZ,00X,00Y,0N)
IF(JaSION)  mLT,aOOOOOi)  GO TO 2
ELEV2=(CONSTl*AJ+CURL)40S/ON+ELEVl
RETURN

i ELEV2=O*
RETU2?i

2  ELEv2=ELEvi
HRITE(6?IO)ITRI

10 FORPAT(iHO*5HE  HAVE RUN INTO A TRIANGLE MXTH  NO OEPTH  GRAOIENTS4!2
CX*13*

RETURN
END
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c
c
c

c
c
r

I-/
c

:

:
c
c

c
c
c
c

..

SUBROUTINE SOLVER[ELEVltXiVYl$ELEV2tX2,Y2,1GLF,SA)

THIS IS THE ROUXTNE  TMST SoLVES THE FII?ST  ORDER EQUATICN,

CGtlMON/CUTOFF/IFINIStNFLX,Jl  ,J2
COUHON/IGG5D/SFLGsIE3EG1N,XEN9q  NXBP+ICION:
COHHON/XOEPTH/DEPTH(200)
COt4t!ON/hUPB/NVRTXsNIRI  sNOINTG*IPItlTG,NEHBV
DIflENSION  SA(ll
OP=OEPTH(IGLEI)
IFINIS=O
IEND=D
IEIEGIh=O
IFLG=O
IOONE=O

BEGIN E!Y LCCATING  THE FIRST TRIANGLE HE WILL HORK kITH,

CALL FXRST(ICLB,ITR?*O\
IF(ITRIoNE.0) GO TO 1
Xz=xl
Y2=Y1
ELEV2=ELEVI
RETURN

NOR FIND THE PC:KT  ALONG THE TRIANGLE BOUNDARY WHICH HAS THE
SAME  CEPTH  A S  THE ?:Xh7 NE CAt!E  FROtI.

1 CALL FNDPT(Xl oY13iT:isX2*Y2iDP)

I;OH INTEGRATE F%:tl  THE ORIGINAL POINT TO THE SECONO POINT
WITHIN  THE TRIANGLE.

CALL INTG(XlSY$SX2~Y2,ELEV.l$E\EV2QITRI*SA,DP}
ELEV1=ELEV2
IENC=IENO+l
IF(IEhO,EO,NTRI)  GO TO 7

NOH LOCATE THE NEXT TRIANGLE THE DEPTH CONTOUR ENTERS,
THEN GO BACK TO ONE AND FIND THE SECOND POINT AGAIN.

CALL EXTENO(X2,Y2,1TRI,HEHTR1)
IF(NEHTRI.EII.01  RETURN

5  X1=X2
Y1=Y2
ITRI=hEMTRI
G O TO.1

7 ,MRITE16,1OO)OP
100 FORtfATtlHO,~ME  ARE LOST FOLLOWI~G@SlX,F6,2,  iX,*!3Z?TH  CONTOUR-)

RETuRN
END

SUBROUTINE  BETU(VALtVbbl,VALZgIYqS)
CCMFCN/IGRAO/IFLGSIf!EGIN,  IENO,NN~NH
IFLG=O
IYES=O
IF(VAL.LEOVAL1*  ANOOVAL.GEO  VALE’)  CO TO I
IF(VAL.GESVAL1,  ANO.VAL.  LEoVALZ)  GO TO 1
RETURh

I IYES=l
IFIVALO  EQOVAL1)IFLG=l
XF(’JALOE0,VAL2)  IFLG=i

RETURN
ENO
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SUBROUTINE FIRST (IGLBsITRI,IOLD)
COHXON/CUTOFF/IFIhIStNFLX~IPl ,IP2
COHtION/IGRAD/IFLG,IBEGIN,IENO,  NIBP,IOGNE
coYx5N/IIP/IP[3*350)
CGl:MCN/IX/X(200)
COMNON/IY/Y(200)
coMPoN/IoEPTH/L)EPTH1200)
CGXF!ON/NUNB/NVRTX~NTRI,  LIST,IPUNCH,NEM3V
DC 2 I=lsNTRZ
1:(1.EQ.ICLD) GO TO 2
lF(I.EQ.IFINISI  GO TO Z
IF(IoEQ.IOONE) GC TO 2
09 1 J=I*3
K=IP(J,I)
XFIIGL6,E0.KI  GO TO 3

1 CONTIhUE
GO TO 2

3 CONTIhUE
II=IP(l*I)
IZ=IP(ZPI)
13=IP(3?I)
IF[IGL9,EQ,11)  GC TO 4
IFIIGL30E0.12)  G O  TC 5
IF(IBZGIN.EO.11)  GC TC B
IF{IEZGIN,EQO12)  G O  7C 5
CALL EETM(OEPTH(  ISLS:,2ZPTH(11)  ,DEPTH(12),IYEs)
IF(IYES.EOOi)  G9 T2 6
GO Ta ?

5  CONTI*~JE
IFI15EGINoE0,111  G3 TiI 8
IF(IEEGIN.EOO13) GO TC 8
CALL 9ETH(DEPTH  (IGLB),0EPTH(II)  ,DEPTH(13),IYES)
IF(IYESOEQO1)  GO TO 6
GO TO 2

4 CONTINUE
IF(IBEGIN,EO.12)  GO TO 8
IF(IBEGINoEQo13)  GO TO 8
CALL EETHIOEPTH  (IGLB)*OEPTH(12)  ,0EPTHI13),IYES)
IF(IYES,EO.1)  GO TO 6
GO TO z

fl 19EGIN=0
2  CONTIhUE

ITRI=O
RETURN

6  ITRI=I
IF(IFLG,EO.01 GO TO 7
18EGIN=IGLB
RETURh

7  IBEGIti=D
RETURN
ENO
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SUBROUTINE VERTCH(Xl~Yl?IOLO?IYE3!IGLE)
cotitioN/BouNo/xat75)  9BV(75)*NBV
coxHoN/IIF/IP(3,350)
cotiF!oN/Ix/x(200)
coulioN/IY/Y(2ani
COHHONlNuM2/Nv3TxVNTR19LISTS IpUNCH,NE~Bv
IF(IOLD.LT,O)  IOLO=-ICLD
00 1 1=1s3
K=IP(IsIOLO)
OX=XL-X(K)
DY=y;-Y(K)
DS=IDX*OX+DY*DY)  ● -.5
IFfCSOLTODOOOOOOOl) G O  T O  2

1 CONTINUE
IYES=O
RETURN

2  IYES=I
DO 3 I=isNeV
J=I@{IJ
IFIJoEQcKI GO TO 4

3  CONTIhUE
XGL@=K
RETURN

4  IGLB=C
RETURF
END

SUBROUTINE” ExTEND(xi*Yi*  IOLD,NE~TRI)
coH1’!oN/IIF/IP13*350)
COt4NON/IGRAD/IFLG*IEEGIN~IENO~  NIBP*IOCNE
COMPCN/CUToFF/IFINIS,NFLXoJl  *J2
COHHON/NUHB/NVRTXtNTRI*LIST*  IPUNCH,NEH9V
CALL VERTCH(Xi  *Yl,IOLD,IYES~IGLB)
IFIIYESOEOS1)GO  TO 7
D O  5  I=l,NTRI
IF{IoEQ,IOLD)  GO TO 5
DO 4 J=l~2
t(=IPIJ,Il
IFIK.NEoJ1,  ANDoKoKEoJ2)  G O  TO 4
JJ=J+l
D o  3 L=JJ,3
K=IP(L*I}
IFIKoNEoJ1,  ANOOK.NESJ2)  GO 10 3
NEwTRI=I
RETURN

3  CONTIEUE
4 CONTINUE
5  CONTINJE
6  NEHTRI=O

RETURtI
7  IF(IGL3,EQ,0}  G O  T: 5

c RECCZ:  NHENCE  HE CkFZ.
IFINIS=IOLD
CALL F1RST11GL9~N5!~-E:t10L01

.. RECGR: T O  HHER5  h’E ?REKo
IOONE=NENTRI
RETURN

.ENO
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SUBROUTINE DDCN(Xi?Yi,XZvY2v0DXqODY  ● ON)
Ox=x?-xl
OY=Y2-YI
OS=(DX*DX+DY*DY)  ***5
DN=CXIDS*CDY-GYfOS*CDX
RETURN
END

Su9RGUTINE  JACOB{ITRI  *DOX,C5Y,AJ9SA)
coMtoNfIALPHA/ALPnA(20D)
coMHoN/IDEPTH/2EPTH(200}
cosEoN/IIP/IP(3,350)
OIXENSICN  SAtl)
DIflEhSICN  ALPH{31
coHnoN/Illin{3?3b
Xi=ZP{lOITRI}
12=IP{2!ITRI}
x3=IP~3rITRIl
CALL FXLL(ITRI,A1
CALL ALPHX(ITRXtOAX,DAY,ALPHA*SA!ALPHl
CALL GRAD(OEPTH(1119DEPTHI12)  rOEPTH(13)  tDOX,DOY,CC)
AJ=DAY*DDX-DAX’DDY
RETURti
END

SU9QOUTINE  INTSRS(Dp*X2~Y2*X1,Y:)
COH)lCN/IX/Xf200)
cOtlt40N/IY/Y(200)
cofl~oN/IIP/Ipt3,350)
COHHON/IDEpTH/9ZPTHtZO0  )
COHtlON/CUTOFF/NIBP,NFLXtIPl,  IP2
OIXoEpTH(Ipi)
OZ=CEPTH(IP2)
OS1=OP-D1
0S2=DZ-OP
0s=02-01
ui=os2/Qs
H2=DS11DS
IF(01cNE,D2)  GO TO 15
x2=X(IP2)
Y2=Y[IP2)
IF{X2,NE.X1.AND.Y2.NE,Y1)  GO TO 20
X2=X(IP1)
Y2=Y[IP1)

2 0  RETURN
15 CONTINUE

X2=X(IPI)*H1+X(IP2J  4M:
yZ=Y(IPl)*Hl+Y (IP2)Sk2
RETURN
END
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SUBROUTINE FNDpTtxi  .yl,XTRISX2*Y2sDP)
coHtloN/xx/xt200)
ccf4)toN/IY/Y{200  )
ccPYcN/IIF/IP(3,350)
coHMoN/IDEPTH/DEPTH(200)
COHHON/NUHB/NVRTx,NTRI,LISTtIPUNCH,NCNBV
COti?!ON/CUTOFF/NIEp,bFLXtIPl*  IP2
IFLG=O
Il=IPti,ITRIJ
12=IP(2*ITRI)
x3=IP43tITRI)
DO 1 0  I=1v3
IF(I.EQ.1) GO TO 9
IF[IoEQ,21 GO TO S
IP1=12
IP2=13
CALI. BETHtDPtCEPTH(IPi)  JOEpTH(IP21  *IYES}
IF(IYES.EQOOI GO TO 10
GO TO 7

9 IP1=I1
IP2=12
CALL EETH(OP,  CEPTH(IP1)?OEPTH  (IPZ),IYES)
IF(IYESCEQ*O)  G O  TO lC
GO TO 7

~ IPI=II
IP2=13
CALL EST~(OP,  CEPTHti?:)  ~OEPTH{IP2)  ● IYES)
IF(IYZS,EOsO) G9 T: ::

7 CALL INTERS (DF,X2,Y2,X1,Y1)
OX=(XI-X21**2.
ov=(Yi*Yz1~*2.

-IF(OX,l.TOl,  OE-i3aANOoOYtl.T,  1oOE-13) GO TO iO
RETURh -

10 CONTIF.UE
uRITEt6*50)  ITRIsxi*YltDP

5 0  FORP’ATt*D@s@lfE  A R E  L O S T  I N  TRIs*s15?2X~*FROH  POINT*,2F7.3,2X,*OEPT
vH*tF603)

IFLG=iooo
RETURK
ENO
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c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

c

c
c
c

SU9ZOUTINE  PPLOT(X.Y*KPTStxSTRT,xsIZE  *y$IZE~NOIV~~lFL,l~3EC,YH2X]
OIHENSICN  A(120)t  1x1200),1y120D) *sYH(519FRHT{3),TLAB(3)  ,sg(30)
DIF!ENSICN  X(l),Y(i)
DATA SYti/lH ,lH+,lHOtlH-,lHX,lHI/

AN ALL PURPOSE PRINTER PLOT ROUTINE H?ITTEN IN STA’4DA20  F03TRAN.

X AND Y ARE COORDINATES OF POINTS TO DE PLOTTED,
NPTS A R E  KUH9ER  O F  POXNTS  TO BE PLOTTED)
XSIZE  IS THE SIZE OF THE PLOT IN INCHES I N THE X 01RZCTIOf4.
LIKEHISE  FOR YSIZE.
xSTRT IS THE VALUE CF THE THE HINIHUM  X VALUE.
N(lIV IS THE NUHQER  CF PARTITIONS THE X AXIS MILL E?:  DIVIDED INTO
ANO LABLEC.
NFL IS THE FIELC  LENGTH OF THE LABEL IN F FORMAT.
NDEC  IS THE NUH9ER  OF DECIHAL  P O I N T S  T H E R E  MILL  BE IN THE FIELD
LENGTtl.
YMAX  IS  CALCULATE,

CALL SCALE(XtY,IX,IY,NPTSsXSIZE,YSIZEsYPTS~XHIN,XHAX,XPTS,  Y+lfiX)

JX=IFIX(XSTRT/ci}
XYPTS=IFIX(YPTSI
IXPTS=IFIX(XPTS1
IXTCT=IXPTS+JX
NSKP=JX-NFL-1

TOP LA9EL.

NCHR=23
ENCOUE{23,1O5,TLA8)

105 FORtiAT[23HNEH  BOUNDARY ELEVATIONS)
CALL TLB(TLff3pNCHR,IXFTS~JX)

c
c SIOE LABEL SET IN SUBROUTINE SLB.

CALL SLE(SB*IS, IE,IYFTS)
c

ENCOOE(ZI, 1OO,FRHT)NSKP,NFL, FIDEC
100 FORPAT{5Hlili ,,1.2,41iAlcFtIl,  lH.tIlt7H, 11OA1})

DO 6 I=i,Jx
6  A(I}=SYH(l)

D O  ; I=JX,11O
1  A(I}=sYtl(,4)

HRITE16,5) [A(I),I=1*I1O)
5 FOR?’.AT(1H  ,113.!::

IC=l
00 3  I=l,IYPTS
DO 2 IJ=i,iiD

2  A(IJ)=sYM(i)
IF(I.LT,IS.OR,I  .GT,IE) GO TO 13
A(l)=SBIIC)
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SU3ROUTXNE  TOPtNUIV9XF!IN,XtlAX~A*NFL  *NBEC.  ISTR7,NXPTS)
DIilEtiSION AC1)*FRHT(3)
HRKS=SOIV+l
AI}!T=(XtiAX-XM!N)/FLOAT I:JOIV)
DO i I=l,tIRKS
J=I-l

1 AI I)=FLCAT (J)*AINTtXtiIN
RT=FLCAT  (ISTRT)-FLOATINFL)  /2.
SKP=FLOAT(NXPTS)/FLOAT  (NOIV)-FLOAT(NFL)
IRT=JFIx(RT)
NSXP=JFIX[sKP)
ENCCOE(ZZ*1001FRH7)  IRT* t!RKS~NFL,NOEC  pNSKP

1 0 0  FGR!FAT(5H{1H  **12*2HX?*12*2H  (FSII*1H. $II,!H, ,IZ,3HX)I)
HRITE(6,FRHT)  {A(I)*I=l?HRKS)
RETURN
END

SUBROUTINE FXLL(IT,P)
OIHENSION  A(3*3)
cor4PoN/IIP/IP(3,350)
COMMON/IY/Y(200)
co14tloN/Ix/xt200)
Il=IP[lsIT)
12=IPfi?*IT)
13=IP(3,!T)
AI1,l)=X(I1)
A11?2)=Y(11)
A(1>3)=1. -

A(2*I)=X(12)
A{2,2)=Y(12)
A(2*3)=1,
A{3,1)=XI13}
A(3?2)=Y(13)
A(3s3)=1c
RETURN
ENO

SU9QOUTIN:  SCALE {X,Y,IX~IY~H~TS*  XSIZEqYSI  Zt,YPIS,XHIN,  XHiX,Y?TS,YX
v}

DIHENSICN  X(l) tY(l)tIX(l),!f! !;
XHIh=X(l)
YHIN=Y(l)
XMAX=X[l)
YMAX=Y(l)
00 2 I=Z,NPTS
XHIN=AHIN1(XHIN,X  (l))
YKIN=/HINi!YtiIN,Y(I)l
XtllX=AHAXl  (Xt4fIX,X(I))
YHAX=SHAXII  YIIAX,Y(I)l

2 CONTXtiUE
IF(YXCGT.OC  )YHAX=YX
XPTS=XSIZE/,1
YPTS=YSIZE/m167
XRANGE=XtlAX-XttIN
VRAhGE=YHAX-YHIti
XRES=XPTStXRAbGE
YRES=?PTStYRAtiGE
D O  10 I=l,NPTS
IX IT)=IFIX(  (X(I)-XHIN)*XRES)

10 IYII)=IFIX(  [YII)-YHIN) ● YRES)
RETUi?N
ENO
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IC=IC+l
is CONTIMIE

A[JXI=SYH[6)
XFLG=O
A(110)=SYH[6)
00 4 J=lTNPTS
IF(IY(J).NE.1)  GO TO 4
N=XX(JI+JX
A[N)=SYM(2)
YLA9=Y[JI
IFLG=l

4 CONTINUE
IF(IFLG.EQ.0)  GO TO 11
wRITE[6?FRNT)  (A(Ll?L=l~NSKPl  ,YLAB,  (A(L)*L=JX,11O)
GO TO 12

ii HRITE{6,51 (A[LlsL=i,l10)
12 C O N T I N U E

3  CONTINUE
D O  8 I=l~JX

8 A(I)=SYti(l)
DO 9 I=JX,liO

9 A11)=SYH(4)
NRITE(6*5)  (A(I)~I=:,:10)
CALL TOFINOIV,XHIN,XU:X*A*NFL  ,NOEC,JX,IXPTS)

c
c 80TTOH  L A B E L  I S  S=y ~=?=.
c

NCHF=22
ENCO05(22,205*TLAE)

205 FORt4A7(22HSURFACE  ELEVATIONS Cti.)
CALL TLB(TLPBiNCHF~  IXFTStJX)
RETURN
E N D

SUBROUTINE SL@fSO,IS*IE,  IYPTS)
OIt!SNSICN  SE?(1)
NCHF=27
SBI1)=lHD
SB(2)=1HI
SB(3}=1HS
SB14)=1HT
SB(5}=ltl.
SB(6}=IH
sat7)=lHA
SB(.E)=lHL
SB(S)=lHO
SB(10)=1HN
SB(il)=iHG
SB(12)=1H
sB(13)=lHa
SB(14}=1H0
SB1151=1HU
sB(i61=lHN
S!3(i7)=lHC
SB(18)=1HA
SB(15)=IHR
SB(20)=1HY
SB(2i)=iH
S6(i?)=lHi
SB(23)=1H0
SB(:41=1H
S9[25)=iHK
SB(25)=1HH
SB1271=1H,
IH=IYFTs/2
JH=hCttR/2
IS=IH-JH
XE=IS+NCHR-I
RETURN
ENO
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FUNCTION JFIX(R)
JFXX=IFIX{R)
D=R-FLOAT(JFIX)
IF(O.GE.*5)  JFIX=JFIX+l
RETuRN
END

SUBROUTINE IS9N9RY(I,NO)
coHtloN/cuToFF/13P*NFLx!JJl*JJ2
COHHON/BOUNDl19t75)  ,BV(75),N9V

c
c SUBROUTINE TO TELL US IF HE ARE AT A BOUNDAf?Y POINT? ANO
c UHAT T Y P E  CF BCUNOARY  POINT,
c
c NO=O* N O T  A  BGU!iOPQY  POINT*
c NO=-i,  CIEICHLET  B O U N D A R Y  FOINTi  0!4 OPEN BOUNOARY,
c NO=ls OhStiORE  8ClJND@RY  P O I N T  INCLUOING  ISLANO.
c

NIBF=IBP
IFINIBP*LT.0)  NIBP=-IBP
IST=NFLXttiIEP+l
IENO=NIBP+NFLX
IsxNI@p+i
IF(IEhO*EO,O)  GO TO 4
IF(NIBPoEOQO)  GO TO 2
0 0  i J=lsNIBP
K=Is{J)
IF(I,EQoKI  GO TO 8

1’CONTIMJE  .
2 IF(#FLXoEOOO)  GO TO 4

0 0  3  J=IS,IEND
K=I={J)
IF(I.5a*K) GO TC 7

3  CGNTIhUE
4  00 5 J=IST,N3V

K=13 J)
IF(:eEQ,K) GO 12 E

5 C(lNT:hUE
No=il
RETuRN

b  NO=-:
RETuRN

7 NO=l
RETURN

8  NO=l
RETuRN
END

SU!3~OUTINE  TL9(TLA3*NCHR*IXPTS,JX)
OIHENS1ON FRHT(3),TLAB(3)
JHALF=NcHR/2
IliALF=IXPTS/Z
NSKP=JX+IHALF-JHALF
Nc=io
ENCOOE116?i00,FRMT)  NSKP~NC
MRITE(6tFRt!T)  7LAB(l),TLAB  (z},TLABt3)

1 0 0  FORRA1(5HtlH  ?,12t4HX?3A,X2,  1H))
RETURh
END
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SU!j~OUTXNE SCS(II,12~S,Cs,oS)
CCXXCti/IX/X(2DO)
~fl~~cN/ly/y(200)
0X=X[12}-XIIII
DY=Y(12)-Y(II)
Ds=lDx*Dx@DY*uY}***5
s=~Y/Ds
r,s=Dx/Ds
RETURti
ERG

SU9:OUTINE  MATRI%(DSHADEX*DSHAPEY,I(,}lVRTX,NTRI*  IFILE,HASL1
c SU320UTINE  TO FORH  GLCB.3L  tlATRIX  A N D  RIGHT H A N D  SIDE

DIMENSION DSt+APEX(l)  SDSHAPEY[l)
coHRoN/IHEIGHT/N(200)
CCHPONIICCNSTICONSTI*CONST2
COHRON/CUTOFF/NISP,kFLX~  NO,JNO
CCUHON/IGRAO/OALPHAxtOALpHAY  sODEPTHXs  CDEpTHY,DOELTAX  ,Gi)ZLiAY,AR:&
coMHoN/IMcRK/vALP(k500)
co~~oN/INT/INTP{4500)
COt!ttON/IRHS/RtIS  1200)
cotlMoN/IIP/IP(3,35D)
COHnON/WINU/TAUX,TAUY,CURL
NROU=NVRTX
D O  1 1=1,3
II=IP(IsKl

c
c

XFIN(II)*EDO-l)  GO TO i
XF(N(II).EQ.1) GO TC i
IF{NOOEOO-1)  GO TO 4
IFIIFILE}3S3$4

3 DO 2 J=1,3
JJ=SP(JsK)
C.ALL ENSRT(I19JJ,?N7??N9,NROH,NASL)
vALF(N9)=VALP  (N91+:+CCNST2=(  OSHAPEX(I)  *DSHAPEX(J)  +OSHAPEY( I)*(3sHAP

vEY(Jl)ti*/3a*(2s ~A?:v (J)+ODEPTHX-DSHAPEX  (J)*ODEPTHYI  }*AREA
CON::%UE
CONT:NUE
CHK=CONSTl*  [D#LPHAY*DCEPTHX-OALPHAX*DOEPTHY)  / 3 ,
CHKI=CONST14CCNST2+  (DSHAPEX(  I)*OALPHAX+OSHAPEY(I  )*DALPHAY)
RHSIIIl=RHSIII)+f-CHK-CtiKl-1,/3,*CURL}  ● AREA
CONTINUE
FoRl!AT  (*o***TRI***13*5x9*vERTx9**15  *5X9*JACOBO**F1OO4)
RETURN
ENO
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103 CONTINUE
1c2 CONTINUE—.

NQITE(6$200)  1 1 , 1 2
2fJ0 FOQHhTc*o*?*HE  ARE L O S T  ALoNG P01~lTSV*Z15*Zx,4Ch!~ :to~  FIN’I  BOUNDAR

CY TRIANGLE IN HSTRIX  SSSEflBLY ROUTIfiF+)
GO TO 101

L
c HE HAVE FOUNO  TRIANGLE?  NOM T O  G E T  GRAOIENTS
c

1 0 4  0 0  106 L=i*3
H=IP.(LtK)
A(L,I)=X(M)
A(LC2)=Y[H)
A(L,3)=1o

106 CONTINUE
CALL ALFHX{K,  CALPHX,DALPHY*ALPHA,SA  sALPH)
CALL ALPHX(K,  COELTX~OOELTYtDELTA,SO~  ALPH)
CALL SCS(Il*12tS~CS,DSl
HHEAN=-[ OE,PTH(ll)+O EPTH(12) )/20
OOELTS=CSWOOELTX+S-DOELTY
OALPHN=-S+OALPHX+CS*CALPHY
0ALPHS=CS*OALPHX+S*5ALPHY
TS=CS*7AUX+TAUY~S

c
DO 107 L=1*3
0 0  ;05 K=I*3

1 0 8  B(H)=90
B(L)=i*
CALL GRAD(B(l)  pS~2),3i3) ~DSHPXlL)  sOSHP’f(L)  sCSHPE(Ll)

lb? CGNTIhUE
c
c NOH PDO TO-GLOBAL HATFIX
c

11=11
109 IF(NEHEIV.GT,l) GO T O  1 1 1

IF{IFILE)609,E09,111
6 0 9  0 0  1 1 2  L=1v3

JJ=IP(L~K)
CALL ttNSRT(II,JJ~INTP~NB,NVRTXsHASL  )
DSHPN=-S*DSHPX  (L)*CS*OSHPY(L  )
QSHPS=CS*OSHPX(L}+S+DSHPY  (L)
VALP(NB)=VALP(N!3)  -lCOhST2*  IOSHPN+DSHPS)-HMEAN90SHPS)  ● OS/20

112 CONTIWE
111 CONTIFJJE

c
c NOH  AOD CONTfZ19UTION TO R H S
c

RHS(IIl  =RHSIII)  -(CONSTl*DOELTS-CONSTi*CONST2$  [OALPHN+OALPHS)-TS)’3
CS)2*

IF(XICEQO121  GO TO 101
11=12
GO TO 1.09

1 0 1  CONTItSJE
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c
u
c
c
c
c
c
u

10

SUBROUTINE BC(NVRTX~N@V?18!9V~?lASL)

SUBROUTINE TO ADO ON BOUNOARY  VALUE CONTRIBUTION

T H E  BOUtiOARY  ROHS HAVE ALREADY BEEN ZEROEO  OUSING THE ASSEH9L?
PROCESS* THEREFCRE  HE PROCEEO  TO FILL THE RIGHT HAND S105
V E C T O R  HXTH THE BOUNOBRY  CONOITIOFLS AND SET Ttiz DIAGNOL
ELEHENTS TO ONE IF IT OCCURS IN A BOUNDARY ROH,

OIHENSION  IBII)s8V(1)
COMt40N/CUTOFF/NIBP*hFLX,JJl?JJZ
coHHoN/INT/INTP[4500)
COMHON/ZNORK/VALP(4500)
co)lt40N/xRHs/Rtis(2Llol
NROl(=NVRTX
NSTF=NFLX+N18F+1
D o  10 K=NSTP*N9V
J=IB(K}
RHS(J)=BV[K)
CALL MNSRT(JtJ~  INT?,tf3,NROW~HASL}
VALFIN3)=1*
CONTINUE
RETURh
END

SU9iOUTINE  SET8(Ri-iSsVSLP)
OIHENSICN  RHS{l),VALP(l)
coMtloN/INT/INTP{4500)
CONHON/CUTCFF/NIBP,NFLX,JJI,  JJ2
COt!HON/BCUNO/IB(75}*BV  175),N2V
COHt40N/tiUH3/NVRTX,NTRI,  IFILE,MfiSL,flEHBV
IFINIEP,EQ,O)  GO TO 5
KL=xa!ll
RHS(KL)=BV(I}
D O  1 I=I?NVRTX
CALL HNSRT(KLSI,INTF,N3,NVRTX,tIASL}
VA1.FtNB)=Oa
IF(I,EQ,KL)  VALF(N3)=10

A CONTIhUE
5 ISTRT=NIBP+I

Il=18tISTRT)
RHS(It)=BV(ISTRT)
0 0  7  :=l,NVRTX
CALL HNSRTtIi*I,INTP*NB,NVRTX,  HASL)
VALFtNBl=Oo
I F ( I 1 o E Q o I )  VALF(N3)=I,

7  CONTIhUE
RETURN
EtiD
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SUBROUTINE SASS(VALP,FHS)
DIMENSION VALPll)sRHSli)
OIHENSION DSHPX(3)~OSHPY(3)s  CSHPE(3)
cot’iHoNJIccMT#coNsTl*coNsT2
COHtiON/INT/INTP  (45001
COXHONILSCOEF1SA[41  *SO(4)
cotlnoN/IDEl.TA/oELTA1200)
COt!HON/IALPHA/4LP$lA  (200)
coHfloN/IoEPTH/oEPTHt200)
coHHoNIIY/Y(200)
coHHoN/IIP/IP(3,350)
coHHoN/IA/A(3,3)
COHHONIIB4B(3)
COHHON/IX/X{200)
CCHHON/tiUME/NVRTX~NTRISIFILE,HASL~NEHBV
coHFloN/BouNo/IBt75)  96V(75)*NBV
coHlloNIIALP/ALPH(3)
COHHONIUINDITAUX,TAUY,CURL
COHHONICUTOFFIN19P*KFLX*JJ1*JJ2

c
c NOM IPPOSE  THE NO FLUX BOUNOARY  CONDITIONS,
c
c BEGIN  UITH ISLANCS
c

IF(N:3?oEO*  OeAND.%~LXoEQ.  O) RETURN
IF(N19P,E0,U)  G:  7: :
SST:=T=I
ISTC==NIBP-1
GO TO 2

1 ISTJRT=L
XSTCO=NFLX-l
‘GO TC 2

3  ISTiUIT=NI@P+I
ISTCP=NIBP+hFLX-1

2  CONTIhUE
c

NOM LCCATE BOUNDARY SIDE,
:

DO 101 I=ISTART,ISTOP
J=I+;
1181B(I)
X2SIB(J]

c
G NOH L O C A T E  THE  TRIAhGLE  ME ARE IN
c

00 1 0 2  X=lSNTRI
KF80
JF=O
DO 1 0 3  L=1*3
xIxIp(L,K)
IFIII,EO.11)  J F = L
1F(II,EOO12}  KF=L
XF(KFCNE*OC  AND.JF,NEOO)  G O  TO 104
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SUBROUTINE SLVK(NRO~,  hCOLPERRCRs  INTP, VALP)
C.. OSO. O.OSOLUTION  CF LINEAR  SYSTEM AFTER GLUP DECOMPOSITION
c, .c.,a..oa,KNIUTH  0RTHOCCN3L  LIST STRAGE SCH5P4:
cO..4*o***
C.,O,SOO..NRON  I S  Nctt3ER CF ROHS  IN HATRIX
C...OS,NCOLCOL  I S  NUt!9E3 C F  COLURNS Itl HAT?lX
c...oC,,ERROROR  IS A N  INTEGRR  VARIAPLE  RETU2:;:D  AS 1
c.,,..D,,*IF AN ERRCR 0CCU6S (ATTEtiPTED  D I V I S I O N  B Y  ZERO)
Cs**~os,  0e07HERHISE  2
cs,,.s, ooaIRTP  IS A N  INTEGR  ARRAY  O F  LENGTH flSZ*((4h/(NUH9EQ  OF 31TS
COOO,O*OSOPER  I N T E G E R  K02C)*1)OQO[SEE’  H I N I T )
C,CSDOCDOOVALF IS A ~EAL ARKAY OF LENGTH H5Z
Co*.S.sa..THE  R I G H T  H A N O  sIDE MUST BE STOREO  IN {VALp(I )qI=i,Z,,..,NROH)
CcsOOsO*OOAND T H E  SOLUTXOti  I S  RETURNEO  IN [vALP(I)  9X=NRCH*I,}1ZOW+2  ,.,,
C.aem*a aeeDNROH+NCOL)
c*8**,***m
C,000C.COOCAN  ACCEPT A HaTRIX HITH BOTH  PERMUTEO  ROMS  ANO PERtlUTEO  C O L S
c.**** . ..*~*3lAPR75

IhTEGER  INTP[l),ERROR
REAL VALP(l)
IP=IUP(INTP,l)
IVS1=LEFT(INTP,NRCH91)+NROH
VALF(IVSII=VALP{IP)
1=1

8 0  IF(:-hCCL) 10i2~$22
1 0  1=1+1

IP=I:?{INTP~Il
1!4:=:-1
SU%=:,o

Ciao*,,  ,,ea3H S C A N  ??:? :Ck 1 TO COL Itll
ILFT=iP

50 ILFT=LEFT(INTP,ILFT)
KCO:S=ICOL( INTPTILFT)
IF(KCOLSI  60,b0,30

30 KCOLA=ICOL(XNTp,KCOLS+NROH)
IFtkCOLA-It411 7 0 , 7 0 , 5 0

7 0  KCOLV=KCOLS+NROW
SUH=SUH+VALPIILFT)*VALP(KCOLV)
GOTO 50

6 0  IV=LEFT (INTFsI+NRCHl+hROH
VALP(IV)=VALP  (IP)-SUti
GOTO 80

2 0  IP=IUP(INTP?NCOLI
NB=NBOX  tIP,l.EFT (IhTF~NCOL+NROW)  tNROH,INTPl
IFINB)  1 0 0 , 1 0 0 , 1 1 0

100 ERROR=l
RETURN

iiO NV=LEFT  (IhTF,NROH+NCOL)  +NRObt
VALP{NV)=VA.LP(NV)/VALF  INB)

Ce***sae,,COLUtIN  SCAN FROR  ROH NCOL-I  T O  i?OW  i
I=t~coL

170 IF{I-1) 1 5 0 , 1 5 0 , 1 6 0
16C  1=1-1

IF(NI13P.EO,O)  GO TO 201
JsN1eP-i
lFtISTOP.EOoJ)  GO TO 3

z o i  CALL SE7BtRHS,vALP)
RETURN
END
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SU2ROUTXtiE DCPK(NRO?4SNCOL,SING,RANK*FILL,  SSALL,INTP,VAI.P,:tASL)
C0,00,..O.OLUF  CECOttPOSITIOh  OF A REAL HATRIx
C...O,COXNUTHTH  ORTHOGONAL LIST STORAGE
c***m***.*
COO*,O..O*NROI4  IS NU?4BER CF ROMS I N  M A T R I X
C.* . . . . . ..NCOL  IS NUN3ER  O F  COLU.YNS  IN tIATRIX
C..O.*.,..ROH  SCALE F A C T O R S  ARE  ST03E0 IN Ron 9ASE VALUES  TEH?ORA?ILY
C...ODSINGSING  IS AN INTEGER VA~IAi4LE RETURNING 1 IF  t4ATRXX  IS SIWUL4R
Co..O.CO.*tlEANINC 1~~1 RANK Is LESS THAN ~COL ,*o SING RETURNS 2 o~i~~
C,.,.,.00,RANK IS AN INTEGER VA21AELE’RETU2NING  THZ !?OH  RANK OF TfiE XAT?
C,.iO..O.CFILL  IS AN INTEGER VARIABLE RETURNING THE NUt4k3ER OF ORIGINALLY
C..,OOQO,  .ZERO  HATRIX  ELEMENTS THAT  9ECAt4E  NONZERO CURING DECOMP!)SITIOV
C.O.CS0,00?4XNUS  THE NUBi3SR  CF INITIALLY NONZERO ELEttENTS THAT aECAmz
C,,.,...ZERORO  D~RIhG  THE DECOMPOSITION PROCESS
C*S,,.0,0.St4ALL IS A REfiL CCNSTATNT  THAT SPECIFIES THE S?4ALLEST  A B S O L U T E
C.O..,..O,VALUE  OF AN ELEMENT RELATIVE TD THE LARGEST ABSOLUTE VALU:
C..,O..CC!F!F  A N Y  ELENENT IN ITS ROW B E F O R E  0ECOt4POSITION  (THE ROH  NORfl)
C.0.00S...THAT  HILL 13E REPRESENTED BY HATRIX  STORAGE ELEMENT
CO.00..C/oIhTP  IS AN INTEGER ARRAY OF LENGTH HSZW(44/(INTEGER  UORO  LENGT
COO.,O,CO.IN  BITS)+1OSOO(SEE  HINIT  SUBROUTINE)
CO.O,, ooo.fIAsL IS  A vAfiIAaLE  I N I T I A L I z E  ay t41N17
C,..S..ROliSliS  A N O  COLUUNS  A R E  PER?4UTE0  VIA ROM+COL  aASEs
C * * * * *  # * * *
C, e,., ,,,,*e31HAR76
CO*O*.*,.*

RE&:  yALp(l)
INTEGER INTPti), S:~GpEANKoFILL
F~~:~~

CO.Q  . . . . ..=INO SCALE =:% 5ACt4 ROH  =loo/(t4AX  ABS V A L U E  IN ROH)
I=c

9 0  IFII-KROM)  10?20?20
10-1=1+1

ROWN3S0,0  -

C*.BS.COCOSTART  ROt4  X S C A N

50

4 0

60

30
70

80

ILFT81
ILFT=LEFT(INTP,ILFT)
IFt ICCL(INTP~ILFT))  30s3Ds40
ABV=AES4VALP(ILFT))
IF(A8V-ROHNR)  50~50t60
ROHKR=ABV
GOTC 50
IF(!+OHNR-SPALL)  70~70t80
VAL,P.41)80.O
GOTC  9 0
VALFtXl$S1.O/ROHNR
Goio90  ‘“-

2 0  NMI=NCOL-1
CQ,O.,t.O,STAQT CCLUHN  S C A N

4(= o
2 4 0  IF(lt-hMl) iOO~llO*l10
100 K=K+:

C.s.*.,..,SCAh LCHER  RIGHT  SU13iiATRIX  F O R  COLUttN  )41TH L E A S T  NUNBE?  G-
C.,,,,.,.,NONZERO  ELEUENTS RYT AT LEAST ONE

SU9QOUTXNE  PACK(X*JSVALP~VAL*INTP!NRON~t!Q2L  )
OIHENSICN  VALPfi},IKTPll)
CALL HNSRT11CJtINTPtt19,NROH,HASL)
XF(PASL.EO.-I)  GC TC 10
VALPtN9)=VAL
RETURh

1 0  NRI?E(6s511*J
5 FORHAT{-0SC90VERFLOH  CF VALP AT ENTRYmt15t*~@c13)

RETURh
END
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GOTU  6 5 0
c . . . .. Too.TOO  SYALL  SO EZLETE

690 CALL HOLETIIPSICJQS,NfiON*INTP,  MASK)
FILL=FILL-1
GOTO 650

c..,..0,00N0 HATCH  SO F I L L  IH O N E
6 6 0  VAL=EII+VALP(JC)

c.os.000soUNLESS  100 SHALL  T O  S T O R E
IF(ABS(VAL)  @SKALE-St!ALL) 650,b50,710

710 FILL=FILL*i
CALL HNSRT(IP,ICJFS,INTP,NB,  NROti,!iASLl

C . . . ..C.. .DEYECT  KEHORU  OVERFLOW
IF(NB) 7 2 0 , 7 2 0 , 7 3 0

7 3 0  YALF(NB)=VAL
GOTO 650

C...,,,,tlEHORYRY  OVERFLOH
C . . . ..USERUSER  DETECTS THIS CONDITION IN CALLING PRIGRAll
C . . . . . . . ..BY TESTING WHETHER HASL .LE. O

7 2 0  K=l
GOTO 180

1 1 0  IF(h30X (IUP(IhTP?NCCL)  ?LEFT(INTPtNCOL+NROH)*  NRO!4,1NTP)  )5OO,5OO,51O
C..,..,,RANKNK IS NCO1.-l  IF DIAGOKAL.  I S  Z E R O

5 0 0  K=NCCL
GOTC  iBO

5 1 0  RAt:K=NCCL
SItiG=2
RETu?%
EtlZ

IP=IUP41NTP,I)
IP1=I+l
SUH=O.O

c . . ..o.s..ROH  SACN FROH CcL IPi T O  C O L  tJ~(JL
XI.FT=IP

2 0 0  ILFT=LEFT  IINTP~ILFT)
KCOLS=ICOL(  INTP,ILFT)
IF(KCOLS)  180,i80,190

1 9 0  KCOLA=ICOL(INTp,KCOLS+NROM)
IF(KCOLA-IPII  2 0 0 , 3 1 0 s 3 2 0

32o IFtkCOLA-NCOL)  3 1 O * 3 I O , 2 O O
3 1 0  KCOLV=KCOLS+NRO’A

SUti=SUH+VALFt  ILFT)+VALP  (KCOLV)
GOTO ZOO

1 8 0  NB=NBOXtIP,LEFT  tINTp~I+NROH)  ,NROH,INTP)
IF(tiB)  iOOt100,220

2 2 0  IV=LEFT  IINTPTI+NROU)+NROW
VALP{IV)={VALF  IIV)-SUMI /VALPtNB)
GOTO 179

1 5 0  ERRCR=2
RETURN
END

SUBROUTINE SUP(INTP,N90X,IUF)
I!ITEGER  INTP[l)
CALL FAC(INTP  (NDOX)120,35,1UP)
RETURh
::10
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NEUAX=NCOL+l
NPIV=O
KA=%-I

6 2 0  IF(KA-NCOL)  800*810~810
800  KA=KA+l

CALL FVSLl[XA*NROH,  ACCL~INTPSVALP,  IPIV,t~E)
IF(NE) 8 2 0 , 8 2 0 , 8 3 0

t3~C IF(NE-NEHAXI  8 4 0 s 8 2 0 , 8 2 0
84o  NpIV=IPIV

NEHEX=NE
GOTO 820

8 1 0  IF(hPIV) i80t180~i90
c:..o...,.NO PIVOT C N  )(-TH COLUHN

1 8 0  RANK=K-1
SING=l
RETURN

Cc,oocooqQpIVOT O N  IPIV
190 KP=IRCH(INTF~NPIV)

KC=ICOL(INTPsNPIV)
C..,,.O..OROH INTERCHANGE IF PIVOT NOT IN ROW K

CALL HRXAIKtIROHtI:lTP,KPt ~NROHoINTP)
CO,,O,OQ*OCCLUHN I N T E R C H A N G E  IF PIVOT NOT IN COLUliN  K

CALL t!CXA{K~ICOLIIWTP,KC+NROH)  ,NROW~INTP)
PIVCT=VALP(NPIV)
I=K

2 3 0  IF(I-hROW) 2ZC,ZG:.34:
2 2 0  1=1’:

IP=:.”211NTPsI)
N9=iiZ3X  (IPtLEFT (IN7FtK+NROH)  *NROH,INTP}
IF{N5) 230,23C,Z50

2 5 0  Et4=-VLLF(NB)/FIVOT
‘vALF{N3)=-Eti

C.e,..,,oiSTART  SCAN OF PIVOT ROW IN STOREO OROER
JP=KP
SI(ALE=VALP(IP)

650 JP=LEFT(INTPsJP)
ICJPS=ICOL(INTP,JP)
IF(ICJPS)  2 3 U , 2 3 O , E 1 O

6 1 0  ICJ?A=ICOL  (INTP,lCJPS+NROH)
IF(ICJPA-K)  6 5 0 , 5 5 0 , 6 3 0

6 3 0  IF(ICJPA-NCOLI  6ftSQ6b0,650
C.OO.O.  O.,lRY TO F I N D  A C T U A L  SSHE  COLUtiN  IN HO~I(  ROW

6f,0  JR=IP
6 0 0  JR=LEFT(I)sTP,JR)

ICJRS=ICOL(INTPtJRl
IF(lCJRS)  E60,660~57C

6 7 0  ICJRA=ICOL  (INTP,ICJ?S+N?Oil)
IFIICJRA-ICJPA}  6 0 0 , 6 5 0 , 6 0 0

C,.., . . . ..FIND BATCH
680 VAL=VALP(JR)  +EM*VALP(J?)

IF(A@S(  VAL)*SKALE-SHALL  1 690,690,700
C . . . . . . . ..STORE  RESULT

? 0 0  VALF[JR)=VAL
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S u b r o u t i n e  HNSR7(KROH*KCOL,INTP*N130NRPH,tlASL  }
c..oooo. s.IhSERTs  A MATRIx  STD2AGE  ELEtiENT  A T  ROM  KPOH  A N D  COLUHN  KLDL
c . . . . . . . ..UNLEsS  T H E R E  I S  A L R E A D Y  AN ELEHENT  ALLOCATFG  IN HHICH CASE
CO.O .  .  .  .  ..THAT ELEHENT NUMBER IS RETURNEO  IN N9
c., . . . . . ..INTP IS AN INTEGER ARRAY
c . . ..o . . ..00..o(SEEE MINI?)
c...o..o..NB I S  T H E  N E H  ELEkENT  NUHi3ZR
c...,oNRONNRON  IS THE NUHEER  OF ROWS IN THE t4ATRIX
c...000oHASLSL  1S A N  I N T E G E R  VARIA3LE  I N I T I A L I Z E D  E?Y KINIT
; . . . . . . . . . . . . ..PASL=- 1 ItiPLIES  OVERFLO’A  I N  NHICH C A S E  N9
C. O. .O . . . ..00..EETURNS  -1
C . Q . . *  * * . * * * . * .

INTEGER ItiTP(i)
IRGT=KROW

3 0  ILFT=LEFT  (INTP,IRGT)
IF IICCL(INTPtILFT)-KCOL)  50s20090

9 0  IRGT=ILFT
GOTO 30

50 IBLH=NRCM+KCOL
1 5 0  IABV=IUP  (INTP,IBLR)

IFIIRCN (INTP*IABVI-XRCH)  130)20?120
120 IBLW=iABV

GOTC :5S
130 IFIK:SL) EO*60S7S

6 0  N!3=-1
R:Tv:&l

7 0  N9=~:::
HASL=LEFT {INTPqt4ASL)
CALL SLEFTtINTP,IRGTt  hB)
CALL SLEFT(INTP,NE!,ILFT}
CALL SUF(INTP91BLM,NB)
CALL SUP(INTP~N@~IA13Vl
CALC SROH(INTFtNB,KROH)
CALL SCOL(INTP*NB,I(COL)
RETURN

2 0  NB=ILFT
RETURN
END

SU2aCUTINE  SCOL(IhT  F*KBOX,ICCL)
INTEGER  IhTPll)
CALL FAC(INTP{N80X),G8,55,1  CCL)
Q:TuRK
Et,cl

SU9ROU71NE SRCU(IhTPtNBOX*IRGk!)
INTEGER IKTP[l)
CALL PAC(INTP(NBOX)  S36,47,1RDH]
RETURN
END

FUNCTION LEFT(IhTFsNBCX)
INTEGER IhTP(l)
CALL UNFAC{INTP  (NBOX),4,19s  LEFT)
RETURN
ENil
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FUNCTION IUP(INTP,NBOX)
INTEGER INTPIII
CALL UNPAC(INTP  [NF!OX),2D,3S,  IU?)
RETURN
ENO

FUNCTION ICGL(INTPsNBOX)
INTEGER INTP(l)
CALL UNPAC(INTP(N3CIXI  ,48*599 ICOLj
RETURh
END

FUNCTION IRCMIINTPTNBOX)
INTEGER INTP(l)
CALL UNPAC(INTP(NBOX)  *3bt47t IROu)
RZTURh
ENO

SUBROUTINE -HGLE”i  (KRCW$KCOL,NROi!~ INTP*tiASL)
c . . . . . . . ..OELETES  MATRIX  STCRAGE ELEHSNT A T  IROM,ICCL  IF ONE EXISTS
C..OO . . . ..NROM IS THE NUHQER OF RO}:S IN THE tfATRIx
C...COcCINTpTp  IS fiN IN~EGEfi  A R R A Y  (SEE MlNIT)
c . . ..s...cHASL IS AN I N T E G E R  VARIA6LE  INITAILIZEO  BY t!T.NIT
C...,,ee*WWV460~~1~1 76wW*V**
C***.***a***.  @*

INTEGER INTP(:}
IA!3VO=NROU+KCCL
ILFTO=KRON

3 0  ILFT=LEFT  (INTF,ILFTO)
IC=ICCL(IKTP,  ILFT)
IF(IC) 1 0 , 1 0 s 2 0

2 0  IF(IC-KCOL~ 70s40?70
70. ILFTO=ILFT

GOTO 30
4 0  IABV=IUP(INTP91ABVO)

IR=IROW(INTPSIABV)
IF(IR) 1 0 , 1 0 , 5 0

5 0  IF{IR-KROM)  6 0 , 6 0 s 5 0
8 0  IABVO=IABV

GOTO 40
6 0  XLFTl=LEFT(INTPslLFT)

CALL SLEFT(INTP*ILFTO,ILFT1)
IABV1=IUP(XNTP,XABVI
CALL SUP(INTP;IABVO  tIABVl)
CALL SLEFT(INTP,IABV,HASL)
HASL=IABV

1 0  RETURh
END

FUNCTION IF?CN(INTPtNBOX)
INTEGER IhTP(l)
CALL UNPAC(INTp(NBOx),36,47t  IRoHl
RETURA
ENO
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FUNCTION N60X(I(RGW,XCCL,NROH,INTPJ
c . . ..o*GETsETS  MATRIX  S1ORAGE ELEHENT NUHBEi? IF ONE EXISTS  FOP.  ROX KROH
COO..O  . . ..AND CCLUHN  KCOL
C...V.*.NROHOH  1S HE NUM3ER  OF FtOHS IN T H E  M A T R I X
C,*...s,IhTPTP  I S  A N  XNTSGER  ARRAY tSEE tlINIT)
C..O . . . . ..N9OX  RETURNS THE ELEMENT  NUtlBER  UNLESS ONE DOESNT  EXIST
CS.O.,0..SIN  MHICH CASE IT EETUilNS  -1
cn***8m..*0*o**

INTEGER INTP(i)
ILFT=KROH

3 0  ll.FT=LEFT  (INTF,ILFT)
IF(ICCL  (INTPsILFT}-KCOL)  10*2II*3O

10 N90X=-1

20

20
10

RETURF
NBOX=ILFT
RETURN
END

SUBRCUTXNE  SLEFT(ItiTPtNBOX,LEFT)
INTEGER IKTP(I)
CALL FAC(IN”;P  (N90XI,4,19,LEFT  )
RETuRti
END

SUBROUTINE ttRXA(KRA*JKA,NROH,INTP)
INTEGER INTP[l)
IF(KRA-JRA)  10?20,10
RETURN
KRS=IUP{IhTPtKRA)
JRS=IUPIINTP,JRA}
CALL SUP(INTPsKRA,JRSl
CALL SUPtINTP~JRA,KRS)
CALL SROH(INTP*JRS,KRA)
CALL SROR(INTP,KRS,JRii)
RETURN
ENO
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c
c
c
c
c

c
c

SUBRCUTIKE  LQFIT(VAL,S,AVAR,LIST,NPTS)
COHKON/IRHS/B  (2001
COKPCl{/IDEPTH/O(ZOO)
COHkON/lHEIGHl/STROv(zOO  )
OIklEt(SICN  A(4,4)
OIBENSZCN  VkLll),S(  ll,C(ft},IPS(l)

L E A S T  S(IULRES FIT TC THIRD  OROER  P O L Y N O M I A L  11: Z.

S  ARE  TtiE CGEFFXCIEhTS4LIST  I S  T H E  L I S T I N G S  CF71C1:.

NCOEF=4
0 0  2  I=l,NCOEF
Bfx)=n.
0 0  3  J=l,tiCOEF

3  A{I*J)=o.
2 CONTINUE

0 0  4  I=19NPTS
C(il=O( I)*O(I)*O(I)
C(2)=O(I}*O(I)
C(3)=O{I)
C(41=I.
0 0  ii J=l,NCOEF
0 0  7  K=J3NCOEF

7  A(J?K)=A{J,K)  +C(J)*C(K)
11 B(J)=B(JI  +VALII)*CIJ)
4 CONTINUE

NOM TO FILL THE OTHER  H A L F  O F  THE HATRIX
00 8 I=itNCCEF
0 0  9  J=ivtiCOEF

9 A(JtIt=A(X~J)
O CONTIhUE

CALL INUR(As4sR*lsOETERHs4*hl
GO 306 1=1~4
S{I)=9(I)

3 0 6  CONTSKUE
IF(LISTCEC,O)  GO TO 101
NRITE(6,20) [S(I),I=1,NCIIEF)

20 FORMAT(*Z*,*COEFFICXEttTS  ARE@,2X,5FiO04)
IF(LIST*LT*C)  GO 10 201
HRITE(6*45)

4 5  FORKAT($O*T*G1OBAL  LAEEL**lOX!*OEPTH~~lOX**ALFHA*  !lOXS*OEViATIO!~@~
v10XS*V&R18NCE*S/)

GO TO lk4
Zot MRXTE(G*145)
145 FORPLi{*C~S*GLO!3AL  L& E5L’~lGX*+OEPTH*  +lOX*  ● CELTA*S1OX!*OEVIL”1 iS’.<*~~

vlox**vkExflNcE*,#l
144 CONTIhUE
1 0 1  TOT=@.

0 0  1 3  X=j,NPTS
ALP=S[:)  4C(X)*OIXI*O(I)  +S(2; *0111*0(1  }+S(3)*O(II  +S(4)
SO=V.CLIXI-ALP

STNOV(I)=SD
VAR=SO*SO
TOT=TOT+VAR
IF(LXSTtEC.0)  GO TO 102
ilRITE(6~35)  IsOII)SVAL  (I} ,SO,VAR

3 S FCIRNAT[*  ● sX7s13X~F8.  2t7XOFiOo4*6X?  F 9 , 3 * 1 O X * F 9 . 3 )
102 CONTINUE

13 CONTItWE
AVAR=TOT/FLOAT(NPTS)
AVAR=AVAR**,S
IF{LIST.EO.0)  G O  1 0  103
URITE(6C30)  AVAR

3 0  FORHAT[*O*SWHEAN  sTANOARD  DEvIATXON  HAGNITUOE IS*S2XSF803}
103 CONTIAUE

RETURN
END
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SUBROUTINE HCXA(KCA,  JCA*NROH,  INTP)
INTEGER INTP(l)
IF{KCA-JCA)  10s20,10

2 0  RETURN
1 0  KCS=LEFT  (XNTPsKCA+NROH)

JCS=LEFT(INTP,JCA+NROH)
CALL SLEFT(INTP,.ICA+NROH,KCS)
CALL SLEFT(INTP,KCA+NROW,JCS)
CALL SCCLIINTP,  kCS+NRCH,JCA)
CALL SCCL{INTP,JCS+NRCHsKCA)
RETURN
ENO

SLJGRCUTINE  SLCPE(Xl,Y  l,X2,Y2,SLOP,f!I  ST)
0Y=Y2-Y1
Dx=xz-xl
IF(OX.EC.O)DX=o  OOOOOOOl
SLGF=CY/OX
DIST=((DX*DX)+  (DY41JY)  )++.5
RETURh
END

SUBROUTINE FIN9SID(VAL1*VAL2,  VAL3,  VAL,IP1,1P2,1FLG1
01f15hSICN IPlt2)~IP2(Zl
IFLG=O
J=l-

IF(VAL1OEO,VALI GO TO 1~
IFIYAL2.EO.VAL)  GO TO 12
IF(VAL3.EQOVAL)  CC T O  1 3

6 IF IVAL.LT.VAL1.ANO.VAL  ,GT,VAL2J  GO TO 1
IFIVAL.  GT.VAL1.  ANODVAL.LT,  VAL2J GO TO 1

7 IF(VAL,LT.VAL2t  AN0.VAL.GT,  VAL31 GO TO 2
lF(VAL.GT.VAL2.  AND.VAL.LT.VAL3}  GO TO 2

8 IF(VAL.LTOVAL1.  ANOJVAL.GTO VAL3)  GO TO 3
IF (VAL.  GTOVAL1,ANOO  VAL.LTO  VAL3)  GO TO 3
IF(IFLG.EO.1)  GO TO 4
WRITE(6,5)

5 FORPAT(*l*VeklE  HAVE SCREUEO  UP IN FINOING T H E  T R I A N G L E  SIOE*)
GO TO 4

1 1  IPI(I)=l
IPZ11)=2
J=2
IFLG=l
GO TC 7

12 IP1{I)=l
IP2(1)=2
J=2
IFLG=:
GO T: 6

13 IP1t:;=2
IP2(2)=3
J=Z
IFLG=i
GO TG 6

1 CONTINUE
IPIIJ)=l
IPZIJ)=2
IFIJ.GT.11  GO TO G
J=Jtl
IFLG=O
GO TC 7

2 IPI(J)=z
IP2(J)=3
IF(J.GT.1) GO TO b
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J=J+I
IFLG=O
GO TO 8
IP1(J)=l
IP2[J)=3
IFI.G=O
2E7tiRh
Et10

SUBROUTINE SHITCHIASB)
C=A
A%B
B=c
RETtJi?!:
END

SUBROUTINE FIhOPTCVALl~vALZ*\’AL  -Xl-Yl*x2*Y2*X*Y, SL~~J
ISHITCH=O
IF(x2.GT.x1)  G O  TO i
XSHITCH=l
CALL  SUITCH(VAL19VAL21
CALL SHITCH(XI,XZ)
CALL SH1TCH(Yi~Y21
CONTIKUE
01ST12=VAL1-VAL2
DIST=VAL1-VAL
RATIo=DIsl/DIsT12
DISTIZ=X1-X2
OIST=Y1-Y2
DIST12= (DIST12*CIST12+DISTQDIST)  Q**5
oIsT=RATIo”~cIsTi2
IF(XiaEQcX2) GO TO 11
ANGLE=ATAN(SLFE)
DX=DIST*COS(ANGLEI
DY=Dx+SLPE
GO TO 12
CONTIfiUE
Dx=O.
IF(YioGToY2)OIST=-OIST
OY=OIST
CONTINUE
X=xi+ox
Y=Y1+DY
IF(lSHITCH.EOOO)  GO TC 2
CALL SNXTCHtVALi~VAL2)
CALL SHITCH(XI,X2)
CALL SHITCHtyi,y2~
RETURN
ENO

SUBROUTINE CHECK(VALI,VAL2*VAL3  -VAL rICHX~IpiSIp2)
ICIIK=l
IF(VALi,EC,VAL20 AhDOVALi.EO.  VAL) GO TO 1
IFIVAL2.EO0  VAL3.AN3.VBL20EQ.  VAL) GO TO 2
xF(vALI,E0.VAL30At+0.  V:Li.EQ,  VAL) GO TO 3
ICHK=O
IPi=O
IP2=0
GO TO 4
IPi=i
IP2=2
GO TO 4
IP1=2
XP2=3
GO TO 4
IPl=i
IP2=3
RETURN
END
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SIJ3QOL!TINE  KONTRI(X,  YtZPa CCt4, NT RIst$VRTXt:'CC14,  VA LUE*N?Et4)
OIRENSICN  X(l) .Y(j)qIF[  3sl),COt{(l}  S1l&LUE (l) aXl(2),Yl(2),i1  i[2),JJJ

w{2J1kX(2)SAY(2)
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

1

3

11

4

1

2

k
3

THIS IS A LINEAR  CONTOURING P.OUTII{E  USING THE TRIANGLES
X AND Y ARE CCORD:NAT:S  OF THE TRIANGLE  VE=TICES
1 P  I S  T H E  lfATEIX(3  x NTRI)  C O N T A I N I N G  IHC GLOE3L  LLEELS C= ~L(.!i
TEIAN6LE vERTEX
CCN IS THE VECTO~. CONTAINING THE COttTCUR  ?xTEQV&LS.
NTR1 IS THE NUF!9EQ  CF TRIANGLES
NvQTx  IS THE NUK@ER  OF GLOBAL POINTS
NCON IS THE NUtlBEQ CF CONTOURS YOU HAVE. IF THIS IS LESS THL!~
ZEROT THEN YOU ARE EEAOING XN THE C O N T O U R  XNTERVALS  HIT!+
TfiE NUtll?ER  OF INTERVALS EQUAL TO ABS(NCON)O IF NCON IS
POSITIVE*  THEN THE FROGRA)I WILL GENERATE THE GONTGUR  INTERVALS
BY OXVIDING  THE RANGE OF VALUES EVENLY INTO NCON INTERVALS.
VALUE IS THE VECTOR CONTAXNXNG  THE VALUES TO BE CONTOURE5  L? EACH
VERTEX
NFEt. IS THE PEN NUHBER  YOU HANT  TO USE FOR CONTOURING
CALL STFEN(NPEN)
IF(NCON.LT.@)  G O  TO 3
VtIAX=De
VHIN=IOOOOOOC
00 i I=lvNVRTX
VHRX=AttAXi  (VHAX,VALUE  (1))
UMIN=AMINI  IVHIN,VALUEII  ))
CALL CONINT(Vt!AX~  VfiXNSNCON?CCN)
NCON=IABS(NCOti)
N=i
I=IP119N)
J=XP(2sNl
K=IP{3*N)
ALARG=ANAXi  (VA1.UE  (I),VALUE(J)  sVALUEIK))
ASHAL=AHIN1  (VALUE(I)  ,VALUE(J)  IVALUE(K)I
IFXR=l
0 0  6  L=l,NCON
XF(CCN[L}  .LT.ASHAL.CR.CON  [L)sGT.ALARG)  GO TO 6
XF{IFIR,GT.1)  GO TO 4
CCLL SLGPE(X(I),Y(I),X(J)  +Y(J) sS12,GISf2~
CALL SLCPE(X(J}  *Y(J) SX(K),Y  (K)*S231DIS23)
CALL SLGPE(X(I)  sY(Il*X(K)?Y{  K)vS13,01Si3)
IFXR=2
C A L L  CHECK(VALUEIXl  ~VALUE(J}  ,VALUE(K),CUN(L  I,ICHK.YI,JJ)
IF(XCHK.EQ,O)  G5 T O  5
XI=IP(XXIN}
JJ=IP(JJ,N)
X1(1)=X(11)
Y1(l)=YIII)
X1(2)=X(JJ}
Y1(2)=Y(JJ)
CALL STNPTS(2)
CALL SLLILI(XI,Y1)
GO TO 6

SUBROUTINE CONINT(VHAX,VMIN,I!  JT,C}
DI?4ENSICN C(i)
INT=IhT+l
OIFF=VtfAX-VHIk
AXN7=OIFF/FLOAT(IhT}
INT=XhT-1
D O  i X=l*INT
C(Xl=VHIt4+FLOAT  (I}@AIt.T
CONTIAUE
HRITE[6*2)
FORHAT1*l+,*  CONTOUR  IhTERUALS  ARE*)
D O  4 X=lrINT
MRITE(6*3)19C(I)
FORtlATf*O@,15S3XsFlD,2)
RETURN
E NO
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SUBROUTINE SETUPIISTART*IPRINT  ~XSIZEtYSIZE~7LAL3ELW  IAXIS,XMIK, XI:;.W,
vYHIKsYHAXINDXVXONOIVY  sXSTRTSYSTRT)
DIF!EKSICN  TLAeEL[31
THIS IS A G E N E R A L  SUBEOUTI14E  TO SETUP AN NPS PROGRAti
IST.kRl IS ZERO IF THIS IS THE FIRST TIRE YOU CLLL THE NPS ROUyil:zz
IF YCU HAVE ALREADY CALLEO PRNTON  OR STCCt?~<  ~RCVIOUSLY~  1S7:71.:
IPRINT=G  kILL CALL PRINTER PLOT
IPRINT=l FILL C A L L  STCCON
SXIZE IS THE LENGHT OF PLOT IN INCHES IN X-CI?ECTION
YSIZE  IS LENGFT  OF PLOT It: INCHES IN Y-DIFECTIGI:
TLAEEL  IS ENCCDEO  IK vAIN  P R O G R A H  MITH  3rI S=LCES AND OIl+Et:Slul~  ?.
IT KILL  BE THE TOP LAEEL  O F  P L O T ,
IF YCU KANT AXIS @RARh Up ANo LAaELEDw I&xIS Is 1* oTHER~:Is~  ~~
IS ZERO.
XHIN*YHIN,XHAX*YRBX*  ARE THE MAXIHUH AND tiINIHUN X AND Y VALUES
TO BE USEO TO LABEL THE AXIS ANO SET UP THE SUBJECT SPAC50
NOIVX ANO NCIVY ARE THE NUF15ER OF OIVISIONS  YOU HANT  THE AxIS
LABELING TO SHOW

IF(ISTART,EII.1)  GO TO 2
IF(IPRIhT.EO.1}  GO TO i
CALL FRNTON
GO TO 2

1  C A L L  STCCON(4SHCALCOHP  PLOT OF ,HHATEVER  N::::  :G BE PLOT:::
2  CONTINUE

CALL STPEN[l)
XAOO=XSTRT+XSIZE
YAOO=YSTRT+YSXZE
CALL  STS20B[XSTRT,XA00,YSTRT  *YAOO)
CALL STSU@J(XHINSXHAX~YMIN,YHAX)
CALL STNOIV(l,t)
CALL GOLILI
HEIGHT=xs12E/30*
IF{HEIGHT*GT**49)  HEIGHT=*49
CALL STCHSZ(HEIGHTI
CALL STNCHR(30}
CALL STLNORIO,I
CALL TITLET(TLABELI
CALL AXLILI
IFII&XIS.EQaO)  GO TO 3
CALL STNOIV(NOIVXSNDIVY)
HEIGHT=HEIGHT#29
CALL STCHSZ{HEIGHT}
CALL STNOEC(l)
CALL UOOLIB
GALL  NOOLIL

3  RETURN
ENO
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s CALI. FINDSID(VALUE(I),VALU5(J)  sVALUEtKl,C3NtLt,X~I,JJJ,lFLG~
IF(IFLG.EO.1)  GO TO 6
IA=III(l}
11=111(21
dA=JJJ{i)
JJ=JJJ(2)
IF IIA.EoOi.A}lDOJADEOo2)  SLP1=S12
XFIIAnEO.Zw  AND.JA.EO.1)  SLPIXSIZ
IFIIIoEOolSAND.JJ.EC02t  SLp2=S12
IF(JJoEQol.  ANDoII.EO!2)  SLP2=S13
XF(XA*EC.1.ANO.JA.EOt3}  SLPiZS13
IF(JAsEC,laANb,IA.E0,3)  SLPt=S13
IF III.EUOiOANOOJJoEO.3)  SLP2=S13
If (JJ*EQolDPNO.130E0,3)  SLF’2=St3
XF(IASE0,20  AND.JAOECQ31 SLPS=S?3
IF1JAsEQs20AND,IAoEQ03)  SLPi=S23
IF(II. Eas2BANDoJJoE0.3)  SLPZ=S23
IFtJJ,ECCZO  AND,II.EQ03) SLP2=S23
XA=IPIIA,K1
II=IP(II*N)
JA=IP(JAsN)
JJ=IP~JJ,N)
C$LL  FIhDPT(VALUE  {IA}  ~VhLUE4JA90CQN(&)OX!  IAttY[IA},XtJ4)  sYtJA)  *Xl (

vl)QYt(i)sSLFi)
C51.1  FIhDPTtV2LUEl:: }sVALUEtJJ)  tiCON[~lsRtXSt  *YtlItQX{JJ),Y(JJ)  !Xl(

SUBROUTINE VRTXLB(XSY,VAL,NQ~C~tJURTX,H~iGHTcNPENl
IIIHENSION  M(l}sY(l),VAL(l~

c THIS SUf?RCUTIkE LA9ELS  T H E  P O I N T S
c T H E  CCORCIANT~S  OF TH$ POINPS  A R E  GIVE!}  %Y Y LMO V
c TKq vALuE  AT EAGH poINT 1s GXyEN  By V&L
c

CALL STFEK(KPE14)
cCLL STCHSZ(HEIGUT)
CLLL STLNOR(0)
Cf.Ll.  SIKDEC(tiCEC)
00 1 I=l,NVRTX
CALL STLNST(X(Il~Y{l:)
CLLL CECV6L(VAL(II)

1  CONTIAUE
RETURN
ENO
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SUBROUTINE ORTRItX,Yt,~P,NTRI,N?ENtN)
OIEENSICN  X(1),Y(1),IP{3S11,N  (1), ZXX(2),ZYY(2)

: SUBROUTINE TO DRAH SUEROUTINES
c X IS X-ARRAY
c y Is Y-ARRAY
c 1 P  IS A THREE  DY hTPI ttATRIX  G I V I N G  T H E  GLOBAI.  L A B E L S  OF E A C H  VRTXc N IS A S T O R A G E  ARR4Y  t!AKING SURE  W: DONTVT  DRAW a LINE TwIcE

N  S H O U L D  eE LkRZCE  THAN THE ht409NT  OF L INES YOU HAVE
: N?EN  I s  THE PEN NIJ)49EE  You uANT T o  IJSE

c . ,
CALL  STPEN(NPEN)
N(i]=o
H=l
LL=O
DO 1  I=l*NTRI
1X=1
I Y = 2 ,F

z XI=IPIIX?I)
IJ=IP(IY~I)
ZXX[:)=XIIII .

ZYY(:I=Y(II)
ZXX(2)=X(IJI
2YY{Z)=YtIJ)
ICH5C<=13*II*IZ+ZJ=rJ+IJ+II~II+IJ*IJ*II+IJ
00 ~ L=t,tl
IF(:2%EC”KOEC0  \(L:J ~: T O  6

4  CC~:ZKUE
rt=t!fl
IF(I’*LT0301)  GO TO 1 0
H=3CD
LL=LL+l
IF(LL,GTs3BO)  LL=l
N{LL}=ICHECK
Go 70 11

1 0  CONTItJJE
N(H)=ICHECK

il CON71hUE

72
CtILL  STNPTSf2)

)4(RTXTTS LLAC
CALL STTXTRIII
C~!,L  SLLILI(ZXX,ZY’f)

6  IFIIY.EQ03) GO T O  B
I Y = 3

~,y ., ,... ~

GO TO 2
B  XF(IX,EQ02)  GC T O  1

1X=2
GO TO 2

1  CONTIhUE
RETuRh
Et~D

SUBROUTINE CYELLAll{  PRT3ERCsCUKL*5F?ZC,CONSTt  )
COtiPON/IGRf@/CiLPHAX,OALPHAY,OOEPTHX,ODEPTHY,OEX,LEY,AR5A
BRT=-(OEY*COEPTHX-OEX*OOEPTHY  )
BRC=-[OALFHfY*CC&FTHX-OALPHAX”GOZPTHY)  +CC!\STl
BFRXC=-f!RT-GGC-CUKL
RETCRL
END
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SU9QOUTINE  TRILheLtx,Y,Ip,NtRI,HEXGHT,tlkErtt
91HENSXON X[l),Vtl)*1Ft30$)

c
c THIS SUBRCUTIN:  LA3ELS THE TRIANGLES
c X ANO Y hRE RESPECTIVE COORDINATES
c 1P IS THE 3 X NTRI tlATRIX CONTAINING THE GLOBAL LABELS  OF THE VRTX
c t4TI?I IS THE NUXilii!t  CF TRIANGLES
~ HEIGHT  IS THE HEIGHT OF THE NUMBERS  Ill INCHES
~ tlP~K Is THE PEP{ Nue83R
..

CALL STFEN(NPEN)
CALL STCHqZ{HEIG~Y)
DO 1 I=lqNTRI
II=IP(l,II
IJ=IP(2,1)
Ij(=Ip{3*I)
Ex=(x(IX)  +X{IJ)+XIIK)113,
EY={Y(JI)*YtIJ)+Y(IK})/3,
xsHIFT={HEIGMT/koJ~i.25
YsHIFT=(HEIGHT/7*)+1*5
EX=EX-XSHIFT
Er=EV-ysHIfT
CAL4 STNDEC[~)
C A L :  S7LNST(EX,E?)
cALL  2ECVaL{FLOA;  !:))

i CC~7:NUE
R~i:=N
Et:;

SUSROUTIhIE  BAROT(U,V,TO?}
COM’ON/IGSA~/CA~PMAX*GALQHLY  ~rJUEPTHX,QoiRTUY,QSX,oE  Y,&Rc4
COtIt?Ol{/SCAtES/USCALE,  OSCALE, ELSCALE  *G*E,C,5AKXG  ,FO,EDDY
U=-CEY~L.ISCELE
V=GEX~iJSG:;Z
U=u$loo.
v=v~loo.
TOT=(U’U+V4V)  *405
RETURN
EfiO

SU9GOUT1NE EKMANfU,VtTOT)
CCHEON/HINi3/TX~TY,CURL
CCStPONfSCALES/USCALE*HSCALE,  bLSCALE,G,  EIO,C.S;~#:,?O,  EDDY
C=(ECDYSC*FOJ  **I-.5)
LJ=CQ[TX+TY)  •uscALE*Fo*~scAL~+o
vtc*(- TX+TY)eUSCALE*FO*H5CALC*Q
U=LJ**OOOO*
V=v$loooo.
TOT=[U*U+V*V)*9*5
RETL?h
ENCI

SUBROUTINE BOTT(U~V,TOT)
COHPOU/IGRAC/OLL~HhXsOALPH4YoCO:P~I{Y,OO~PIRYCD@X  ,QFY,C
COtlt!Otf/SCAL:S/USCALF,OSCALE~  ALSCALE,G,E,Q,GAtit!A,F0,5DCY
C=G/(Fe+@)

V=V*IOO*
TOT=(U4U+V*V)=4.5
RETUR$
END
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SUBROUTINE SURF(UE,VE,UB,V6;U,V,TOT  )
U=ug+ps
V=VE+VB
TOT=(U*U+V*V)  4*.5
RETUF!h
E N O

, ‘: ,.. “

* B I T S  I  -  J  O F  A  ARE EXTRACTEO
●  I F  I  C T  5S N=bO-[1-J-1)
● BITS I - 59, 0 - J OF d A~E EXTR2CTED
● BIT J OF A AL~AYS  GOES TO 511 59 OF B
4 J. J. THOtlAS lit”if?t>

El;TkY  UfiF&C
VFD k2/OLUNPAC

, .,

IFEtl
VFD

UNPAC BSSZ
se?
Saz
sb3
SAk

R MICRC
ELSE
IFNE
ERR
VFD

UNPAC Essz
R HICRO

ENOIF
SA2
SA3
I x5
PL
SX5
SB6
se5
SB7
Uxo
SA1
AXO
LXO
%X6
LX6
SA6
EO
END

J1

*F,z
18/UNPAC
1
i
A1+97
k2+B7
A3+97
1 9 1 , $ X $

18/4
1
I*1*S8S

VRV.Z
vRv.3
X3=X2
X5,J1
X5*6O
X 2 - 6 0
X3+1
W
1
wRv.1

e7
-BE
)((J*xl
B5
wRv,4
UNPAC

F T N  ARGUNENT  LI’(~””J=,, . . . -
“,,

P7=1
GET AOORESSES  Gi i - 9 IN X: - XI-

NOT CALLED BY RUN OR FTN
RUN 2,3 ARGUtIENT L INKAGE .

X2=1 ,.’

x3 = J
F I G U R E  NO, BITS - : T: E X T R A C T  r:.:< A

HAKE MASK OF COR?ZCi  LEtiSTi-1
X1=A

. .a
A L I G N  MASK WITH CORRECT BITS O F  :
EXTRACT BITS FROM A
RIGHT-JUSTIFY TKEt!
;;;;E  I N  B

. .



ICENT PAC C2LL PACt’t,I,J,B)
●  PACS  THE N  RXGHTHCS?  HITS .OF 9  INTO  A
●  B I T S  ~R~  NuHBEREO  L E F T  T O  RIGHT  FROII O -  59
* IF I  L= J, N=J-1+1
●  D E S T I N A T I O N  I S  B I T S  J - J OF A
●  IF I GT J* N=60-(1-J-1)
“ oESTX~&TICN  XS F!ITS I - 59, C - J OF A
4 SIT 99 cF B ALWAYS  GOES TG 5?7 J QF A
●

PAC

R

PA?

R

J1

ENTRY
VFO
IFEQ
VFD
essz
SB7

1X5
I?Xo
PL
SX5
s56

Pflc
h2toLPAc
● F,2
16/PAC
1
3
A1+B7
AZ+B?
A3tB7
Zsl,sxs

● F?IP1

18/k
1
1
1*:?S2?

WRV,  L
vRv.2
vRv.3
s~vo4
X3-X2
1
X5,J~
X5t60
x 5

AXO 06
S97 BbtB7
LXO $37
8X4 xo-x~
S97 x 3 - 5 9
LXO - 8 7
LX4 -B7
Bxl -XO*X1
8X6 )(1+X4
SA6 Al
EO PA C
Et:D
XOENT  UNPAC

J. J. THOHAS  k/7/75

FTN ARGUHENT  LINKAGE

07 =
1

1 f Oi?STANTl
GET AD(IR SSES OF A - B IN Xl - Xb

NOT CALLEO BV RUN O R  FTN
R U N  2 , 3  ARi3LfMflT  LINKAGE

x~=A
X2=X
X3aJ
X$=8
~IGURE NO. 81TS - 1 TO PAC INTO A

HAKE  HASI( O F  CORR~CT  LCttGTH Iv RJGHT-MOST
PAFT “OF MORO

EXTR3CT  B I T S  FROfl B

ALIGN  B I T S  FROH B i?ND I13SK
HITH CO~REC7 81?S O F  A
INSEfiT BITS FROH B  IN1O A

STOR6 k
E X I T

CALL UNPAC(AtItJ,B)
“ gX’tRACTS  N 911S A  A N O  P L A C E S  ~HE14
‘ IN B ,  RIGHT-JUSTIFIEO  MITH  ZZRO FIiL
* BITS ARE NU?18ERE0  L E F T  TO RXGH~ FROfl  O  -  5 9
‘ I F  I LC J ,  N=J-Itl
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Triangle

Boundary Condition Card
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APPENDIX IV

TRIANGLE SCHEME

The triangle routine used was originally devised by Smyth (1975)

and later simplified by Galt. To demonstrate how it works, we use a

simple 4 station example, shown below’:

I
● 4

●

‘3

‘2 The 4 stations to be triangulated.

The first step is to enclose the region of interest by a
rectangle:

201 * 204
4* 7

i
●

● 3
● 2

Rectangle defined by artificial
● points 201, 202, 203, and 204

2 0 2 203 enclose region of interest.

Next, take the first point and use that to subdivide the

rectangle:

First subdivision of the initial
triangle.
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The second point is then used to subdivide the triangle it is in:

After all of the points

triangles they lie in, we have:

Next,

of triangles.

Second point used to subdivide the
triangle.

have been used to subdivide the larger

Mesh after all the subdivisions have
been made.

several sweeps are made to check the

For example, the pair of triangles:

“goodness” of pairs

4
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is checked to see if the triangles would be more equilateral if

subdivided in the following way:

“203

From tests run on a set of 130 stations and about 200 triangles,

it was found that after about five sweeps through the entire mesh, the

method converged and yielded a “best” mesh.

The last step in generating the mesh is to eliminate all

triangles with corner vertices (201, 202, 203, 204). The final mesh is

shown below:

4

P

I

3

2 Final mesh.

The routine has been written to accommodate up to 200 stations

including one set of interior boundary points (an island). If there are

interior boundary points, they must be read in first and in clockwise

order.



APPENDIX V

-l-cl C9;t?l::a”k

(Al )

(AZ)

(R3 )

Putting ().4) and (A5) tmqather gives
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APPENDIX VI

J

To integrate +dxdy

b
$ = AX + By + C such that

+ = O at (0,0) and (b+O)

Begin by integr~~ting Part I first:

= ( b+’z :.

The combined results give
●

J
1

+clxdy = ~ y2(b-x2+x2) = + yzb
.

A = ~ (area of triangle).
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